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Abstract 
 
Energy efficiency is an essential topic nowadays. Several attempts have made to improve energy 
performance in buildings with particular attention to educational buildings for their high energy 
consumption. This thesis studies various buildings of the Technical University of Catalonia (UPC) with 
the aim of exploring the relationship between energy consumption and some parameters of the 
buildings such as floor area, occupancy, U-value, etc. 
The proposed methodology includes the definition of energy performance indicators based on data 
related to, energy consumption, weather data and buildings characteristics such as floor area, volume 
of the building and year of construction. Indicators are then applied to UPC buildings and finally 
obtained results are discussed. 
Results show that the occupancy and space use have a significant effect on energy consumption. Floor 
area and shape factor have also been found significantly influence the energy consumption. Moreover, 
the study compares the annual energy consumption in the north campus between 2011, 2012 and 
2013, demonstrating that despite implementation of Energy Optimization Projects (POE), the energy 
consumption has increased in the north campus buildings. 
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Chapter 1 
1. Introduction 
1.1 Aim and objectives 
This thesis will explore the relationship between the energy consumption of educational buildings in 
use stage, and some parameters of the buildings such as floor area, number of users, U-Value etc. 
Results will be based on various buildings on the Technical University of Catalonia (UPC) campus. 
1.2 Scope of the project 
The project studies the energy consumption in various buildings of UPC campus, in north campus, south 
campus, nautical campus, Terrassa campus, Manresa campus, Castelldefels campus, Sant Cugat 
campus and Vilanova campus. The buildings included in this study are illustrated in the figures from 1-
1 to 1-4, for the campuses. 
 
Figure 1-1. Buildings included in the analysis located in the north campus (left), south campus (right) 
 (UPC, 2014). 
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Figure 1-3. The studied buildings in Manresa campus (left), Sant Cugat campus (right below), Nautical 
campus right above). (UPC, 2014). 
 
        
Figure 1-2. The studied buildings in Terrassa campus. (UPC, 2014). 
Figure 1-4. The studied buildings in Vilanova campus. (UPC, 2014). 
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This study focused on the electricity and gas consumption for the buildings of UPC, and conducted 
within the period of one year from 1/10/2012 to 30/09/2013. 
1.3 Justification 
Energy use is very important in people’s life, it provides high quality life with great benefits, but at the 
same time, bad side effects are serious. (Society of Petroleum Engineers, 2014).Moreover, new 
challenges are associated with the rapid increasing level of energy use. For example, high-energy prices, 
which have been dramatically increasing during the last decade, have become a major issue for both 
households and for industrial users. In addition to that, the gravity of the damaging effects of global 
warming will likely grow in the future, coinciding with an increase in energy consumptions and gas 
emissions. Furthermore, according to the latest forecasts, by the International Energy Agency (IEA), the 
demand of energy will double by 2035 because of population growth and economic expansion, 
especially in developing countries. (IEA, 2014) 
 
Although, the traditional resources will remain the world's fundamental sources of energy in coming 
decades, an increase in energy efficiency and an improvement of the renewable resources will be 
essential. Using less energy, by further enhancing the efficiency use, will result in saving the costs, 
reducing the negative environmental impacts in the same time, and satisfying the demand for the 
energy in the next century. Cost saving could be potentially invested in other sectors of the economy, 
in the education, research or culture. (Society of Petroleum Engineers, 2014). 
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Chapter 2 
2. State of the art 
2.1 Introduction 
The epic challenge of the 21st century is filling the gap between energy supply and demand with clean, 
reliable and inexpensive energy (Society of Petroleum Engineers, 2014). Whereas new sources of 
energy are increasingly changing the landscape, products made from fossil fuels still use essentially. As 
reported in Society of Petroleum Engineers (2014), despite extraordinary advances in technology, rapid 
economic growth in some countries will require more energy. According to Erhon et al. (2008), 
educational buildings such as kindergartens, schools and universities have many similar design, 
operation and maintenance features in most countries. The two most noteworthy similarities amongst 
these building types are the high energy consumption and the necessity for retrofitting many buildings 
within this sector. Direct activities cause by universities such as the use of classrooms and laboratories 
for teaching and research, ofﬁces and catering within the provision of management, administration and 
support services, have an important environmental impact in terms of energy consumption. 
Recently, Environmental Management Systems (EMS) have been applied to improve universities’ 
environmental performance, to reduce their energy consumption and to incorporate sustainability into 
higher education institutions (Adomssent et al., 2008;  Cortese, 2003;  Hansen and Lehmann, 2006;  
Lozano, 2006;  Sharp, 2002; Weenen van, 2000). Case studies reported by Ferreira et al. (2006), 
Nicolaides (2006), Sammalisto, and Brorson (2008) illustrate the successful implementation of EMS in 
their higher education buildings. However, EMS at campus are still a relatively sparsely chosen initiative 
in spite of the positive examples listed above. In total, 47 universities in Europe were identiﬁed to 
pursue an EMS at the campus. 
2.2 Initiatives to improve the energy efficiency of educational buildings 
Deshko and Shevchenko (2013) studied the university campuses energy performance in Ukraine based 
on a measurable approach. They display possibilities and problems of using certiﬁcation to clarify the 
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university campuses´ energy consumption efﬁciency. A selection of energy and performance indicators 
of 114 UCs of Ukraine in different temperature zones, presented Initial information to improve 
assessment methods of UCs energy efﬁciency. The proposed approach to assess UCs energy efﬁciency 
based on reduction and normalization of background information about Universities, developing 
procedures for partitioning of the UCs into groups with similar characteristics, determining the average 
energy consumption development. The result of assessment affords a basis for detailed study of 
university campuses (Deshko and Shevchenko, 2013). 
Hawkins et al. (2012) indicated that UK university buildings usually have higher electricity use and lower 
heating fuel use than respective benchmarks, according to a statistical analysis of Display Energy 
Certificate data. It was found that the electricity and heating fuel use varied by activity. The authors 
studied the determinants of energy use in UK higher education buildings using statistical and Artificial 
Neural Network method (ANN). For electricity use, the Mean Absolute Percentage Error (MAPE) across 
a number of validation sets reduced to 34.0%, a reduction of 31.8% against a theoretical benchmark; 
for heating fuel use the MAPE reduced to 25.1%, a 49.8% reduction. The authors confirm that although 
the good potential of using the ANN method to analyse building energy determinants, there are a 
number of opportunities for further development of the ANN methodology, which include adding other 
types of inputs, modifying the ANN architecture and training methods and reﬁning the causal strengths 
method (Hawkins et al., 2012). 
Gallachóir et al. (2007) studied the energy consumption in University College Cork, using monthly and 
bi-monthly utility bills for electricity, gas and oil. Over the period the 2000–2004, university college 
cork’s electricity bill increased by 46% and the fuel bill by 32%. The authors presented some simple 
energy performance indicators to inform energy policy. They related the electricity bill to student 
numbers and the fuel bill to ﬂoor space, and compared them with the same ratios except in this case 
the quantities of electricity and fuel consumed are used instead of cost values. The trend since 2001 
showed an increase for the electricity expenditure ratio, which clearly is an issue of concern as it 
suggests a reduction in performance. The same trend is evident for the fuel expenditure indicator 
except for the anomaly in 2002, which saw the addition of new buildings towards the end of the year 
without a consequent increase in the fuel bill. Then they submitted new approaches and tools for 
assessing energy performance in buildings and improving the energy policy decision making and energy 
management. 
Escrivá-Escrivá et al. (2011) created a methodology to assess building energy efficiency at use stage, 
which applied to a various buildings in the Universidad Politècnica de Valencia (UPV). They offered 
detailed energy consumption, distinguishing active energy, air- conditioning active energy and building 
use energy. Erhon et al. (2008), Gallachóir et al. (2007), Escrivá-Escrivá (2012), focused on improving 
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the energy policy decision making and energy management to reduce the energy consumption in 
educational buildings. 
Focusing on Technical University of Catalonia (UPC), one of the plan activities related to energy savings 
and efficiency is the UPC project Sistema de Información del Consumo de Recursos Energéticos y de 
Agua (SIRENA) [System of Information on Energy Resources and Water Consumption]. Therefore, 
SIRENA is an online tool to integrate the “dynamic” information of the buildings (i.e., gas, electricity 
and water consumption measurements, occupancy, activities performed) to the ‘static’ information 
(i.e., architectural characteristics, typology, energy sources and devices used) in a structure that allows 
for comparison of historical data with value trends and standards. 
Recent experiences carried out within the political framework include: (a) The Process of Application 
of Environmental Criteria in Architecture (ACA2), 2000 (Ferrer-Balas et al., 2003). (b) Research for the 
Environmental Excellence of the Baix Llobregat Campus (REAL Laboratory), 2001 (Pujades, 2004). (c) 
Efﬁciency Plan for the Consumption of Resources (PECR), 2003 (Bosch el at, 2005), (Cuchí, 2004). (d) 
REAL Laboratory 2, 2005. In this second laboratory phase, the strategies that have been developed so 
far in the UPC for improving the environmental quality of their buildings are collated and analysed, and 
diagnoses and deﬁning of new objectives are carried out (Mata et al., 2009). 
Cantalapiedra et al. (2006) carried out analysis of the UPC buildings energy performance as a way of 
teaching practical sustainability with a participation of a group of 21 students taking the ﬁnal ofﬁcial 
Diploma in Architecture. Cost-effective ways of promoting a greater environmental responsibility were 
identified and implemented. Surveying construction drawings, building characteristics, energy 
consumption, use of natural lighting, energy-saving lighting controls, water consumption, and high-
efﬁciency HVAC systems were analysed. They drew up a summary sheet giving all the obtained values 
for each studied building. In keeping with the standard reference parameters, the actions to be taken 
or the strategies to be applied with each building were determined, setting out the policies for energy 
saving and efﬁciency in accordance with the provisions of the UPC General Plan. 
Mata et al. (2009) carried out an example of application of managing heating systems in university 
buildings in Spain. The case study focused on Valles’ School of Architecture (Escuela Técnica Superior 
de Arquitectura del Vallès ETSAV). During the period from 1995 to 2005, consumption of gas in the 
ETSAV building grew steadily by approximately 7% annually, with a total increase of 66% within the 
period. With regard to electricity consumption, it grew steadily by around 4% annually, with a total 
increase of 44% during the period. The gas–electricity share in total energy consumption for the period 
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was 70–30%, but in regard to total CO2 emissions the share was 50–50. The authors (2009) performed 
a combined analysis of the management system of heating, occupancy and climatic variations, and 
observed that there was no relationship between the three factors: the building was heated 
continuously, without taking into account changes in climate or occupancy. While Perez and Capeluto 
(2009) interested in lighting control system and fined that stepped or dimmer control improves 
significantly the energy consumption as compared to “always on” strategy. 
Mata et al. (2009) described the buildings from a management standpoint (surface area, climatic 
region, management, electricity and gas consumption, type of heating and cooling systems and type of 
use). They considered other important parameters that could not be included in the general description 
due to the difﬁculty of collecting such information (U, electrical capacity installed, hours of use). Some 
actions were taken after only one month (1) the management of the heating was adapted to the 
building’s schedule of use. (2) The external environment was taken into account in the programming 
of the heating. (3) Preferred use areas were identiﬁed, so before using a space heated by a new circuit, 
all the spaces belonging to a same heating circuit, which was already turned on, were used. More 
reasonable temperature values were set. After two more months and the analysis of new data, actions 
that are more detailed were deﬁned such as creating a model for recording and monitoring the heating 
management proﬁle at regular intervals,  and  adding new probes  to measure and record the pumping 
and return temperature of the heating system’s water circuits and the surface temperature of the 
vents. 
In absolute terms, gas consumption for heating during the period from November 2006 to March 2007 
inclusive has been reduced (Cuchí et al., 2007) to 62.7%; gas consumption per unit area was reduced 
to 57.5%. Taking into account climatic variations (Mata et al., 2007), the consumption in the 2006–2007 
season has not only been reduced to 75.9%, but is also more stable. These savings can be attributed to 
the change in management, because other relevant variables such as characteristics of the building 
envelope, facilities or hours of use of the building have not changed signiﬁcantly from one period to 
another (Mata et al., 2009). 
2.3  Energy performance indicators 
Energy performance indicators in previous studies are summarised in Table 2.1. Energy consumption 
per unit area, energy consumption per occupancy, energy consumption per U-value and degree-days, 
determined the energy performance estimation of university campus in Ukraine, which carried out by 
Deshko and Shevchenko (2013). The information on average values and variation range major energy 
and operating parameters, including: the total area of academic buildings and dormitories, the number 
of faculty staff and students, characteristics of the temperature zone of UC location according to the 
                               Chapter 2           
 
 
St
at
e 
o
f 
th
e 
ar
t 
20 
 
Ukrainian Hydro meteorological Centre, speciﬁc energy consumption values (Deshko and Shevchenko, 
2013). 
The same indicators have been used to profile energy consumption and to inform energy policy in a 
university in Ireland by Gallachóir et al. (2007). Analysis using simple indicators linking energy demand 
data from utility bills to appropriate variables measuring activity such as student numbers, ﬂoor space, 
etc. can point to interesting insights and usefully inform decisions (Gallachóir et al., 2007).  
Perez and Capeluto (2009) in their study of a school building in hot-humid climate confirm the 
important of U-value indicator on reduce the energy consumption. The appropriate roof’s insulation 
combined with night ventilation resulted in a signiﬁcant reduction in the energy consumption. The 
effect of improving insulation beyond this value is minimal. Also Hawkins et al. (2012) considered that 
the building material has a high effect on the energy consumption. 
Furthermore, external temperature is an indicator usually used by the most of authors where low 
winter temperatures and low winter sun hours can increase heating loads. High summer temperature 
and high sun hours can increase cooling loads. Number of sun hours can aﬀect lighting loads (Hawkins 
et al., 2012). It can be Consumption in a building strongly depends on outside temperature. Thus, a 
building has higher consumption in months with extreme external temperatures such as February and 
July (Escrivá-Escrivá et al, 2010).  Mata et al. (2009) indicated that the degree-days is not directly related 
to consumption, but can give an idea of the trend that climate should have on consumption. 
Hawkins et al. (2012) considered the building activity or (space use) is typically strong determinant of 
heat and electricity use according to the standard for benchmarking (CIBSE, 2004, 2008).  Benchmarking 
ﬁgures based on building activity, such as those provided by CIBSE (2004, 2008); serve as indicators to 
make approximate initial forecasts of energy for new designs and with which to compare the energy 
performance of existing buildings. Hawkins et al. (2012) developed the separate university specific 
building activities to student accommodation, medical laboratories or a teaching hospital, academic 
laboratory or workshop-based, academic non-laboratory or workshop-based, administration and 
teaching/research staﬀ oﬃces Mata et al. (2009) divided the space use in the universities to classrooms, 
offices, circulation, services and labs. 
Heating system, air conditioning system and ventilation have been paid attention by several authors. 
Mata et al. (2009) aimed attention at characteristics of the heating system and its customary running, 
while Escrivá-Escrivá et al. (2010) focused on air conditioning volume and types. Perez and Capeluto 
(2009) assorted the night ventilation in a group of variables with very high impact on the energy 
consumption.  
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As showed in Table 2.1, windows size and glazing type were important indicators in some studies. Perez 
and Capeluto (2009) found that North and South orientations have best performance when the 
windows’ overall size was 12% of the ﬂoor area while in the East and West orientations, window’s 
overall size should be kept to a minimum of 10% of the ﬂoor area. Larger windows of 20% of the ﬂoor 
area, showed much higher total energy consumption for cooling in hot days. Moreover, for glazing type 
Perez and Capeluto (2009) considered that energy saving was possible with several Low-e glazing types 
that provide good insulation and day lighting. Furthermore, green double-glazing windows were 
signiﬁcantly better than the commonly used clear and single glazing. 
However, Joelsson and Gustavsson (2009) took into account that in winter, the glass provides a thermal 
insulation three times higher than a normal double-glazing allowing a reduction of heating costs. 
Besides, the ability to achieve greater comfort in the proximity of the glass walls reduces the risk of 
condensation inside. It also protects the environment by reducing greenhouse gas emissions and allows 
having large windows yet respecting the constraints of regulations existing on heat dissipation.  In 
summer, the glass reduces by twice the direct transmission of solar heat allowing the maintenance of 
a pleasant indoor temperature, limiting the costs for air conditioning and reducing the transmission of 
ultraviolet radiation (Desideri et al., 2013). 
Table 2-1. Energy performance indicators. Sources: Own elaboration.  
Indicator Author 
Energy consumption per unit area [ kWh/m2] 
Deshko and Shevchenko (2013) 
Hawkins et al. (2012) 
Kim et al. (2012) 
Escrivá-Escrivá et al. (2010) 
Mata et al. (2009) 
Zabatza bribian et al. (2009) 
Gallachóir et al. (2007) 
Energy consumption per occupancy [kWh/p] 
Deshko and Shevchenko (2013) 
Kim et al. (2012) 
Mata et al. (2009) 
Gallachóir et al. (2007) 
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Indicator Author 
Energy consumption per degree-days [kWh/°C] 
Deshko and Shevchenko (2013) 
Hawkins et al. (2012) 
Escrivá-Escrivá et al. (2010) 
Mata et al. (2009) 
Energy consumption per U-value [kWh/(W/m2·k)] 
Hawkins et al. (2012) 
Perez and capeluto (2009) 
Energy consumption per space use [kWh/ m2] 
Hawkins et al. (2012) 
Mata et al. (2009) 
Energy consumption per glazing type [kWh/glazing 
type] 
Perez and capeluto (2009) 
 
2.4 Conclusions of the state of the art 
Literature review allows concluding that the improve energy efficiency in educational buildings have 
been paid progressive attention in Europe at present. Several authors attempted to find tools and 
methodologies to reduce environmental impact and energy consumption in universities. 
Although many key performance indicators have been used to profile energy consumption, they are 
not comprehensive enough. Furthermore, it should be noted that the studies about the Technical 
University of Catalonia in this field are few and old, where the last one had been carried out in 2009 by 
Mata et al. In addition, while much more data about the energy consumption for the buildings of UPC, 
are currently available, and in light of needing a study more rigorous and comprehensive, this thesis 
focuses on the key performance indicators to assess the energy efficiency in UPC buildings. 
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Chapter 3 
3.  Methodology 
The proposed methodology illustrated in Figure 3-1, is divided into three steps: 
 Definition of Key performs indicators (KPIs). 
 Gathering data: building characteristic, energy consumption and climatic data. 
 Calculation and analysis of Key Performance Indicators (KPIs). 
 
 
 
3.1 KPIs definition 
According to the conclusions of the state of the art (see chapter 2.3) and according to the data available 
for UPC buildings, this project has focused on ten key performance indicators. For each indicator have 
identified the object, the method and granularity. 
 
                                       Figure.3 1. Methodology. Source: Own elaboration. 
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Energy consumption per unit area (kWh/m2) 
Energy consumption of each building depends on its floor area; hence, this indicator is very important 
in the analysis to illustrate the relation between the energy consumption and the other indicators. 
Energy consumption per meter cubic (kWh/m3) 
The height and the volume of the buildings have been computed according to the available drawings 
of facades. 
Energy consumption per degree-days (kWh/degree-days) 
Degree-days are a simplified way to relate energy consumption to outside air temperature. Heating 
Degree-Days (HDD) measure the energy demand for heating the buildings, likewise Cooling Degree-
Days (CDD) measure the energy demand of air conditioning in hot weather. (BizEE, 2014)According to 
the Technical Building Code TBC (Spain, 2006), heating degree-days (HDD) were calculated as average 
degree-days based at 20ºC in January, February and December, whereas cooling degree-days (CDD) 
were calculated as average degree-days based at 20ºC in June, July, August and September. 
Energy consumption per surfaces of facades 
Tall buildings and those that have high surface to volume ratios or are highly exposed typically have 
higher fabric and infiltration heat losses although can have better scope for daylight penetration and 
natural ventilation (Thomas, 2006; Ward, 2009; Krope and Goricanec, 2009). 
Energy consumption per surfaces of windows 
Glazing type and ratio affects fabric heat loss and scope for passive solar heating; depending on 
position. Glazing ratio can have a strong impact on daylight penetrating and cooling loads as reported 
by (Thomas, 2006 and Ward, 2009). As we have not accurate information about glazing type for all UPC 
buildings, it has been focused on the glazing ratio. 
Energy consumption per year of construction 
Older buildings may be less efficient in terms of thermal performance, and as there are very old 
buildings in the campuses of UPC, such as EUETIT in Teresa 1904, NT1 in Nautica campus 1930 and 
EPSEVG in Vilanova 1959, it is important to investigate this indicator. 
Energy consumption per occupancy 
Universities occupants play an important role in increasing energy consumption. It is very difficult to 
control the large number of people universities have and to monitor their behaviour in relation to 
energy usage. A simulation of the occupants density and its impact on energy consumption is included. 
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Energy consumption per U-Value 
A U-value is a measure of heat loss in a building element. It shows the amount of heat lost in watts (W) 
per square metre of material and measures how well parts of a building as well as, floor or roof, 
transfers heat. This means that the higher the U-value the worse the thermal performance of the 
building envelope (Royal Institute of British Architecture, 2014). 
Standby energy consumption and hours of standby 
An increasing number of appliances features a standby mode in which the appliance does not fulfil its 
primary function for which it has been purchased, but will still use (some) electrical power. Although 
power consumption per appliance in this mode is in most cases low compared to consumption in the 
operating mode, it may result in a considerable energy consumption (Berkeley Lab, 2014). 
3.2 Gathering data 
3.2.1 Buildings characteristics 
The UPC buildings have been built between 1904 (EUETIT in Terrassa campus) and 2006 (D7C in 
Castelldefels). The year of construction, the floor area and the number of floors of all UPC studied 
buildings, were reported in the UPC webpage (UPC, 2014). 
The surfaces of facades for each building and the surface of windows, in four orientations, were 
calculated with AutoCAD, depending on the facades drawings, which have been obtained from the UPC 
Service infrastructure department (UPC, 2014). Thus, the height and the volume of the buildings have 
been computed according the available plans. Equation [1] 
                              V = S · h [1] 
Where: V is the volume of the building (m3), S is the floor area of one floor (m2), S = total floor area / 
number of floors and h is the height of the building (m). 
 U-Value 
To calculate the U-value of a building element such as a wall, floor or roof, the composition of that 
element must be known. 
Each building material should be positioned properly in sequence. The thickness of each building 
material also is required. (Royal Institute of British Architecture, 2014). 
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The other key property must be obtained is the conductivity of each building material. This is a measure 
of its inherent ability to facilitate the passage of heat. (Royal Institute of British Architecture, 2014). 
Equation [2] explains the calculation of U-value. 
U (element) =
1
Rso + Rsi + R1 + R2+Rn
  [2] 
Where, U is the U- value, [W/m2·K], Rso is the thermal resistance for external surface, Rsi is the thermal 
resistance for internal surface, R1, R2, Rn are the thermal resistance for building components. 
 
Figure 3-2. Thermal resistance. (RIBA, 2014). 
To calculate the thermal resistance for each component: Ri =
𝑑
λ
  [3] 
d is the thickness of the layer, λ is the thermal conductivity [W · m/K] 
Composition of the facades in terms of materials was not available for all buildings of the UPC campus, 
so the U value just has been calculated for some of them. 
 Occupancy 
There is no available information about the numbers of users in each building of UPC, so some 
hypotheses have been used to get the relation between energy consumption and occupancy. The 
occupants of the buildings have been calculated by the follow equation: (Equation [4]). 
Occupancy pi= percentage of surface use I · occupancy value use I   [4] 
This has been conducted by dividing the buildings into three groups depending on the space use, 
namely; classes and research buildings, services and administration buildings, and mixed buildings, as 
presents the Table 3-1. 
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Table 3-1. Space use. Source: Own elaboration. 
I Space use 
I=1 Classes and research buildings 
I=2 Services and administration buildings 
I=3 Mixed buildings 
 
Several levels of occupancy have been defined and corresponding values have been assigned. The 
occupancy according to the schedule of time has been explained in Table 3-2. 
Table 3-2. Levels of occupancy and corresponding values. Source: Own elaboration. 
Occupancy 
Occupancy 
value 
Null occupancy (0%) 1 
Low occupancy (0-25%) 3 
Medium occupancy (25%-80%) 5 
High occupancy (80-100%) 7 
 
There are two different periods in the year within the occupancy are not the same. For lecture and 
research buildings, these periods are months of lectures and July and for service and administration 
buildings they are winter season and summer season. Table 3-3. 
Three working days have been selected randomly; within three different months have been considered 
in the analysis. One day in February where the weather is very cold and as consequence, the gas 
consumption is very high. The second day is in May when the weather is warm and the third day is in 
July when the gas consumption is at the lowest level. 
Percentage of surfaces and space use for all buildings are in Tables 4-11 to 4-17.In case of office 
surfaces, has used the following equation: (Equation [5]) 
Offices space = (2/3) Research Offices + (1/3) Administration Offices [5] 
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Table 3-3. Type of buildings and corresponding period of study. Source: Own elaboration. 
Type of building Period Representative day 
Lecture and research buildings 
Period 1 September -May 
22/ 02/2013 
17/05/2013 
Period 2 June-  July 10/07/2013 
Services and administration 
Period 1 Winter 
22/ 02/2013 
17/05/2013 
Period 2 Summer 10/07/2013 
Mixed buildings 
Period 1 September-May 
22/ 02/2013 
17/05/2013 
Period 2 June-July 10/07/2013 
 
 Standby hours 
To calculate the standby consumption, we took the average of three hours with minimum consumption 
of the day, and to calculate the hours of standby, we followed this algorithm. (Figure.3-3) 
 
Figure 3-3. Algorithm to calculate standby hours and standard deviation Source: Own elaboration 
The study was carried out calculating the standby energy consumption for every hour over a period of 
one year for many buildings, an example is shown in Annex1. 
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The standard deviation shows how much variation or dispersion from the average exists. A low 
standard deviation indicates that the data points tend to be very close to the mean; a high standard 
deviation indicates that the data points are spread out over a large range of values. Equation [6] 
explains the calculation of standard deviation. Equation [7] explains the calculation of M1 (See Annexe 
2 for an example of calculation of standby hours and standard deviation. 
σ = √
∑(𝐶ℎ−𝑀1)^2
ℎ𝑠
  [6] 
σ is the standard deviation, hs is standby hours and M1= 
∑𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 <𝐶ℎ
ℎ𝑠
     [7] 
3.2.2 Energy consumption 
The data of energy consumption is completely from Sirena UPC project [Information System on Energy, 
Resources and Water Consumption] (SIRENA, 2014). These data are organized in separately (electricity 
/ gas) for each campus and for most of the buildings. They can be downloaded for each 15 minutes, 
hourly, daily, weekly and monthly for any period of time. Energy consumption for a typical building in 
Figure 3-4. 
 
Figure 3-4. Energy consumption for a typical building. Source: Own elaboration. 
In some cases, the information available in Sirena is not for individual buildings. Hence, these buildings 
had to be examined together (i.e. EUETIT, ETSEIAT in Terrassa, MN1-2 -3 in Manresa and VG1-2 -3 in 
Vilanova. Figure 3-5 illustrated the energy consumption for these type of buildings, where electric 
energy consists of electric energy of B1, B2, buildings, cooling electric energy and emergency electric 
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energy for the three buildings. Gas energy is for all buildings together, thus energy consumption is the 
sum of gas and TR electric energy, which can be obtained hourly, daily, monthly and yearly. 
 
Figure 3-5. Energy consumption for a group of buildings. Own elaboration. 
3.2.3 Weather data 
The daily temperatures during the period of the study are obtained from the Catalan Institute of 
Meteorology, (Meteocat, 2014) which manages the network of automatic weather station of the 
Meteorological service of Catalonia.  
 
Figure 3-6. Map of Catalonia showing the location of the campus and the climate regions according to CTE. 
 
Chapter 3         
  
  
 
 
 
M
et
h
o
d
o
lo
gy
 
31 
 
As it is depicted in the Figure 3-6 there are different weather stations for campuses of UPC as they are 
located in deferent climatic regions in Catalonia. 
3.3 KPIs calculation and analysis 
The KPIs will be calculated by simple equations and will be analysed by lineal graphs of EXCEL. for each 
indicator have identified the object, the method and granularity. 
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Chapter 4 
4.  Results 
4.1 KPIs definition 
The following summarizes the characteristics that define each key performance indicator. 
Table 4-1. KPI 1 Energy consumption per unit area. Source: Own elaboration. 
KPI 1 
Object 
Relationship between the energy consumption of the building and its floor area, making comparison with 
the others indicators. 
Method KPI 1 =
𝐸𝐶
𝐴 
 
Granularity Hourly, daily, monthly and yearly 
Parameters EC: Energy consumption [kWh], A: Floor area [m2] 
 
Table 4-2. KPI 2 Energy consumption per meter cubic. Source: Own elaboration. 
KPI 2 
Object Relationship between the energy consumption of the building and its volume. 
Method KPI 2 =
𝐸𝐶
𝑉
 
Granularity Daily 
Parameters EC: Energy consumption [kWh], V: Volume of the building [m3] 
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Table 4-3. KPI 3 Energy consumption per unit area and degree-days. Source: Own elaboration. 
KPI 3 
Object Relationship between the energy consumption of the building and the daily external temperature. 
Method KPI 3 =
𝐸𝐶
𝐴 ·  𝐷𝐷𝑖
 
Granularity Daily 
Parameters 
EC: Energy consumption [kWh], A:floor area [m2] 
In winter DDi = HDD: heating degree-days [°C] 
In summer DDi = CDD: Cooling degree-days [°C] 
 
Table 4-4. KPI 4 Energy consumption per unit area per whole facades area. Source: Own elaboration. 
KPI 4 
Object Relationship between the energy consumption of the building and its whole facades area. 
Method KPI 4 =
𝐸𝐶
𝐴. 𝐹𝐴
 
Granularity Monthly 
Parameters EC: Energy consumption [kWh], A: floor area [m2], FA: Facade area[m2] 
 
Table 4-5. KPI 5 Energy consumption per whole principal facade area. Source: Own elaboration. 
KPI 5 
Object Relationship between the energy consumption of the building and the area of its principal facade 
Method KPI 5 =
𝐸𝐶
𝐴. 𝑃𝐹
 
Granularity Monthly 
Parameters EC: Energy consumption [kWh], A: floor area [m2],PF: Principal Facade area[m2] 
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Table 4-6. KPI 6 Energy consumption per shape factor. Source: Own elaboration. 
KPI 6 
Object 
Relationship between the energy consumption of the building and the facades area to the volume of the 
building rate 
Method KPI 6 =
EC
A. F
 
Granularity Monthly 
Parameters EC: Energy consumption [kWh],A: floor area [m2],F: Shape factor[m2/m3] 
 
Table 4-7. KPI 7 Energy consumption per whole windows area. Source: Own elaboration. 
KPI 7 
Object 
Relationship between the energy consumption of the building and the precentages of 
windows in all facades in the building 
Method KPI 7 =
EC
A. W
 
Granularity Monthly 
Parameters EC: Energy consumption [kWh], A: Floor area [m2] W:precentage of windows area[%] 
 
Table 4-8. KPI 8 Energy consumption per year of construction. Source: Own elaboration. 
KPI 8 
Object Relationship between the energy consumption of the building and the year wich has built in. 
Method KPI 8 =
𝐸𝐶
𝐴. 𝑌
 
Granularity Yearly 
Parameters EC: Energy consumption [kWh], A: Floor area [m2], Y: Year of construction [year] 
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Table 4-9. KPI 9 Energy consumption per the occupancy of the building. Source: Own elaboration. 
KPI 9 
Object 
Relationship between the energy consumption of the building and its occupancy in differnet 
hours of the day. 
Method KPI 9 =
𝐸𝐶
𝐴. 𝑂
 
Granularity Hourly 
Parameters EC: Energy consumption [kWh], A: Floor area [m2]O: Occupancy[-] 
 
Table 4-10. KPI 10 Energy consumption per U-value. Source: Own elaboration. 
KPI 10 
Object 
Relationship between the energy consumption of the building and the materials of its walls, 
this means the U-value of the walls. 
Method KPI 10 =
𝐸𝐶
𝐴. 𝑈
 
Granularity Yearly 
Parameters EC: Energy consumption [kWh], A: Floor area [m2], U: U-value[W/km2] 
 
4.2 Gathering data 
4.2.1 Buildings characteristics 
In the following tables from 4-11 to 4-17, there are description of the buildings, actual use and space 
use for UPC buildings. (See annex2 for more characteristics) 
Table 4-11. Description, actual and space use of north campus buildings. Source: Own elaboration. 
Buildings 
code 
Building Description Actual Use 
Floor 
area [m2] 
Space use % 
Classes Offices 
A1 Lecture Room Building Teaching, Research and Administrative 3.967 52 48 
A2 Lecture Room Building Teaching, Research and Administrative 3.886 92 8 
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Buildings 
code 
Building Description Actual Use 
Floor 
area [m2] 
Space use % 
Classes Offices 
A3 Lecture Room Building Teaching, Research and Administrative 3.783 96 4 
A4 Lecture Room Building Teaching, Research and Administrative 3.795 93 7 
A5 Lecture Room Building Teaching, Research and Administrative 3.886 97 3 
A6 Lecture Room Building Teaching, Research and Administrative 4.216 53 47 
B1 Departmental Building Teaching, Research and Administrative 2.848 19 81 
B2 School of (ETSECCPB) Teaching, Research and Administrative 1.318 49 51 
B3 School of (ETSETB) Teaching, Research and Administrative 2.263 39 61 
B4/5 Departmental Building Teaching, Research and Administrative 5.919 22 78 
B6 School of Informatics (FIB) Teaching, Research and Administrative 2337 20 80 
C1 Departmental Building Teaching, Research and Administrative 4.895 9 91 
C2 Departmental Building Teaching, Research and Administrative 2.475 19 81 
C3 Departmental Building Teaching, Research and Administrative 4.755 14 86 
C4 Department of  (EEL) Teaching, Research and Administrative 4.790 7 93 
C5 Departmental Building Teaching, Research and Administrative 5.280 19 81 
C6 Departments and Services Teaching, Research and Administrative 4.753 27 73 
D1 Department of (EHMA) Teaching, Research and Administrative 5.208 12 88 
D2 Department of (ETCG) Teaching, Research and Administrative 2.971 14 86 
D3 Department of (TSC) Teaching, Research and Administrative 2.969 10 90 
D4 Department of (TSC) Teaching, Research and Administrative 3.049 9 91 
D5 Department of (TSC) Teaching, Research and Administrative 3.011 17 83 
D6 Department of (DAC) Teaching, Research and Administrative 3.048 15 85 
BIB Rector Gabriel F. Library Teaching, Research and Administrative 6.644 90 10 
VX General Services Building General Services 18.574 - - 
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Table 4-12. Description, actual and space use of South Campus and Nautical Buildings. Source: Own 
elaboration. 
Buildings 
code 
Building Description Actual Use 
Floor 
area[m2] 
Space use % 
Classes offices 
A School of (ETSAB) Teaching, Research and Administrative 12168 64 36 
C School of (ETSAB) Teaching, Research and Administrative 8679 - - 
P School of (EPSEB) Teaching, Research and Administrative 15992 56 44 
U School of (FME) Teaching, Research and Administrative 12097 39 61 
NT1 School of (FNB) Teaching 4254 58 42 
 
Table 4-13. Description, actual and space use of Terrassa campus building. Source: Own elaboration. 
Buildings 
code 
Building Description Actual Use 
Floor 
area[m2] 
Space use % 
classes offices 
TR1 School of (CRITT) Teaching, Research and Administrative 9429 49 51 
TR2 School of (CRITT) Teaching, Research and Administrative 2940 12 88 
TR3 School of (CRITT) Teaching, Research and Administrative 2573 1 99 
TR4 School of (CRITT) Teaching, Research and Administrative 6670 4 96 
TR5 School of (CRITT) Teaching, Research and Administrative 11589 48 52 
TR6 School of (CRITT) Teaching, Research and Administrative 2368 45 55 
TR45 School of (CRITT) Teaching, Research and Administrative 3077 - - 
TR7 Institute of (INTEXTER) Teaching, Research and Administrative 2589 11 89 
TR8 School of (EUOOT) Teaching, Research and Administrative 6494 28 72 
TR9 Library (BCT) Library 2393 - - 
TR10 General Services Building General Services 2218 - - 
TR11 Centre of (CD6) Teaching, Research and Administrative 2779 18 82 
TR12 Centre of (CITM) Teaching, Research and Administrative 2977 42 58 
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Table 4-14. Description, actual and space use of Castelldefels campus buildings Source: Own elaboration. 
 
Table 4-15. Description, actual and space use of San Cugat campus buildings Source: Own elaboration. 
Buildings 
code 
Building Description Actual Use 
Floor 
area[m2] 
Space use % 
classes offices 
SC1-2-3 
School of (ETSAV),Centre 
of (CRITT) 
Teaching, Research and Administrative 10131 69 31 
Table 4-16. Description, actual and space use of Manresa Campus Building. Source: Own elaboration. 
 
Table 4-17. Description, actual and space use of Villanova Campus Building. Source: Own elaboration. 
Buildins 
code 
Building Description Actual Use 
Floor 
area[m] 
Space use % 
classes offices 
VG1 2 3 School of (EPSEVG) Teaching, Research and Administrative 10963 - - 
VG4 Lecture Room Building Teaching, Research and Administrative 2278 - - 
VG6 
Library and Residence 
(EPSEVG) 
Library and Residence - - - 
Table 4-18 describes North campus buildings, their areas, number of floors, height of buildings, volume 
of buildings and the year of construction according to the data obtained in UPC (2014). 
 
Buildings 
code 
Building Description Actual Use 
Floor 
area[m2] 
Space use % 
classes offices 
C4C School of (EPSC) Teaching, Research and Administrative 14962 37 63 
D4C School of (ESAB) Teaching, Research and Administrative 11943 30 70 
D7C General Services Building General Services 6436 34 66 
Buildins 
code 
Building Description Actual Use 
Floor 
area[m2] 
Space use % 
classes offices 
MN1 School of (EPSEM) Teaching, Research and Administrative 4112 26 74 
MN2 School of (EPSEM) Teaching, Research and Administrative 1324 11 89 
MN3 School of (EPSEM) Teaching, Research and Administrative 2464 68 32 
MN5 Technology Centre (CTM) Teaching, Research and Administrative 2925 13 87 
MN6 Library Library 1400 86 14 
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Table 4-18. North campus buildings’ characteristics. (UPC, 2014). Source: Own elaboration. 
Buildings 
code 
Floor area 
[m2] 
Number of  floors 
Height of the 
building [m] 
Volume[m3] 
Construction 
year 
A1 3.967 S1 + PB +2 + E 12 9521 1990 
A2 3.886 S1 + PB +2 + E 12 9334 1990 
A3 3.783 S1 + PB +2 + E 12 9079 1991 
A4 3.795 S1 + PB +2 + E 12 9108 1991 
A5 3.886 S1 + PB +2 + E 12 9326 1992 
A6 4.216 S1 + PB +2 + E 12 10118 1992 
B1 2.848 S1+PB+3 16,5 9398 1989 
B2 1.318 S1 + PB +2 + E 11 2900 1990 
B3 2.263 S3 + PB +2 + C 18,5 5981 1993 
B4/5 5.919 S3+PB+2+C 18 21308 1994 
B6 2337 S3 + PB +2 + C 18 6009 1995 
C1 4.895 S2+PB+2+C 17 13869 1986 
C2 2.475 PB+3+C 18 8910 1989 
C3 4.755 S2+PB+3 16 12680 1993 
C4 4.790 S2+PB+3 16 13470 1995 
C5 5.280 S2+PB+2+E+C 15 11314 1994 
C6 4.753 S2 + PB +2 + E +C 13 8827 1995 
D1 5.208 S2+PB+2+C 16,5 14322 1986 
D2 2.971 PB+3+C 13 7725 1989 
D3 2.969 S1+PB+2+C 12 7126 1989 
D4 3.049 S1+PB+2+C 15 9147 1990 
D5 3.011 S1+PB+2+C 12 7226 1991 
D6 3.048 S1+PB+2+C 12 7315 1993 
PO 6.766 S2 + PB - - 1998 
BIB 6.644 S2 + PB +3 - - 1994 
VX 18.574 S4+PB+3+C - - 1999 
 
Where: S is Basement (soterrani), PB is Ground floor (planta baixa), PC is Roof (Planta coberta), 1, 2, 3 
…floors number and E is Mezzanine (Entresolats). 
South and Nautical campuses are located in Barcelona. The names of the buildings, their areas, heights, 
volumes and the year of construction are presented in Table 4-19. 
Table 4-19. Characteristics of south campus buildings. Source: Own elaboration. 
Buildings 
code 
Floor area 
[m2] 
Number of  Floors 
Height of the 
building [m] 
Volume[m3] 
Construction 
year 
A(ETSAB) 12.168 S1+PB+7+2E 35 38716 1962 
C(ETSAB) 8.679 S2+PB 22 63646 1980-1984 
P(EPSEB) 15.992 S1+PB+4+E 22 50261 1962 
U(FME) 12.097 S1+PB+1+E 14 42340 1983-1985 
NT1 4.254 S1+PB+3+2E 20 12154 1930-1933 
 
Terrassa campus is located in Terrassa city. The names of the buildings, their areas, heights, volumes 
and the year of construction are presented in Table 4-20.For the ETSEIAT buildings; there is not 
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available information about the year of construction in Servei de patrimoni I construcció, neither for 
TR10. 
Table 4-20. Terrassa campus buildings characteristics. Source: Own elaboration. 
Buildings 
 Code 
Floor area 
[m2] 
Number of  
Floors 
Height of the 
building [m] 
Volume[m3] 
Construction  
year 
TR1(EUETIT) 9.429,19 PB+2 16 25432 1904 
TR2 (EUETIT) 2.939,66 PB+2+E 16 11760 1904 
TR3 (EUETIT) 2.573,40 S1+PB+1+E 16 10292 1904 
TR4 (ETSEIAT) 6.669,89 S1+PB+2 16 26680 - 
TR5 (ETSEIAT) 11.589,48 S1+PB+3 16 37085 - 
TR6 (ETSEIAT) 2.368,12 PB+3+4E - - - 
TR7(INTEXTER) 2.589,49 S2+PB+2+C 16 6940 - 
TR8 (EUOOT) 6.493,88 PB+3+C 14 18183 1992 
TR9 (BCT) 2.392,69 PB+2 12 9572 1996 
TR10 2.217,94 S1+PB+2+C 13 5767 - 
TR11(CD6) 2.778,97 PB+4 16 8893 1997 
TR12(CITM) 2.977,12 S1+PB+4 18 8931 2001 
TR45(ETSEIAT) 3.076,79 PB+2 - - 2002 
 
Castelldefels (Baix Llobregat) campus is located in Castelldefels and Sant Cugat campus is located in 
Sant Cugat del Vallés. Buildings’ characteristics are in Table 4-21. 
Table 4-21. Castelldefels and Sant Cugat campus buildings characteristics. Source: Own elaboration. 
Buildings 
Code 
Floor area 
[m2] 
Number of  
Floors 
Height of the 
building [m] 
Volume[m3] 
Construction 
year 
C4C (EPSC) 14.962 S1+PB+4 16 39899 2001 
D4C (ESAB) 11.943 S1+PB+3 12 28663 2004 
D7C(general serves) 6.436 S1+PB+2 12 19308 2006 
ETSAV 9.268 PB+4 - - 1991 
 
Manresa campus is located in Manresa city; Buildings’ characteristics are in Table 4-22. 
Table 4-22. Manresa campus building characteristics Source: Own elaboration. 
Buildings 
code 
Floor area 
[m2] 
Number of 
Floors 
Height of the 
building [m] 
Volume[m3] 
Construction 
year 
MN1 (EPSEM) 4.112 S1+PB+3 22 18093 1974 
MN2 (EPSEM) 1.324 PB+1 10 6620 1976 
MN3 (EPSEM) 2.464 S1+PB+3+2 E 22 7744 1991 
MN4 (EPSEM) 204,66 PB+1 - - 1976 
MN5 ( CTM) 2.925 S1+PB+1+E+C - - 2000 
MN6 (EPSEM) 1.400 PB+1 12 8400 1908 
 
Vilanova i Geltru campus is located in Vilanova, as it is shown in Table 4-23, only the total area of the 
buildings VG1,2 &3 is available in Servei de Patrimoni I construcció. 
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Table 4-23. Vilanova campus buildings’ characteristics Source: Own elaboration. 
Buildings 
code 
Floor area 
[m2] 
Number of  
Floors 
Height of the 
building [m] 
Volume[m3] 
Construction 
year 
VG1/VG2/VG3(EPSEVG) 10.963,37 S1 + PB +3 - - 1959 
VG4(EPSEVG) 2.278,18 PB +1 - - 1994 
VG6 6.804,52 S1 + PB - - 2001 
 
Table 4-24. Shows for each building, the areas of all facades together, the area of each facade alone 
and the shape factor, which is the area of all facades to the volume of the building ratio. 
Table 4-24. Facades areas and shape factor for UPC buildings. Source: Own elaboration. 
Building 
All 
facades 
area [m] 
North 
facade 
area [m2] 
South 
facade area 
[m2] 
West facade 
area [m2] 
Est facade 
area [m2] 
Shape factor [-] 
CN A1 2375 942 940 252 241 0,249 
CN A2 2375 942 940 252 241 O,254 
CN A3 1412 587 832 - - 0,156 
CN A4 1412 587 832 - - 0,155 
CN A5 1268 501 767 - - 0,136 
CN A6 1611 501 767 - 343 0,159 
CN B1 1494 524 503 280 187 0,159 
CN B3 1176 565 342 345 242 0,197 
CN B6 1185 309 287 298 291 0,197 
CN C1 2956 1089 1281 317 269 0,213 
CN C2 1854 559 627 365 303 0,208 
CN C3 1892 584 804 270 270 0.149 
CN C4 1892 584 804 270 270 - 
CN C5 1772 560 642 285 285 0,157 
CN D1 2863 1067 1279 227 290 0,2 
CN D2 1709 510 617 322 260 0,221 
CN D3 1646 531 597 259 259 0,231 
CN D4 1803 583 640 290 290 0,197 
CN D5 1743 583 640 260 260 0,241 
CN D6 1706 556 630 260 260 0,233 
CS A 8716 1277 1716 2893 2830 0,225 
CS P 6754 554 860 2555 2785 0,134 
CS U 4513 1316 1815 626 756 0,107 
NT1 2339 685(NE) 688(SW) 966(NW) - 0,192 
MN123 6354 1931 2316 1340 767 0,351 
MN5 3376 1876 910 310 280 _ 
MN6 708 _ _ 227 481 _ 
SC12 3178 840 1272 517 549 _ 
SC3 1206 620 444 71 71 _ 
TR123 5662 1842 1814 1048 1158 0,078 
TR4 800 _ _ 480 320 _ 
TR5 5029 1455 1463 1239 871 _ 
TR6 1579 _ 462 521 596 _ 
TR7 1752 _ 895 478 579 0,254 
TR8 2259 659 719 557 324 0,124 
TR9 1728 564 588 252 324 0,181 
TR10 3715 554 534 545 545 0,644 
TR11 1861 598 603 331 329 0,203 
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Building 
All 
facades 
area [m] 
North 
facade 
area [m2] 
South 
facade area 
[m2] 
West facade 
area [m2] 
Est facade 
area [m2] 
Shape factor [-] 
TR12 1893 488 540 406 459 0,203 
VG123 3859 1180 540 406 744 0,212 
VG4 900 900(NE) _ _ _ _ 
VG6 811 811 _ _ _ _ 
The percentage of windows areas in total facades areas and percentage of windows areas in the main 
facade are tabulated in Table 4-25. 
Table 4-25. Percentage of windows area for UPC buildings. Source: Own elaboration 
Buildings code Total window ratio% Main facade`s windows ratio % 
CN A1 48 56 
CN A2 48 56 
CN A3 43 38 
CN A4 44 39 
CN A5 41 39 
CN A6 36 39 
CN B1 34 27 
CN B3 46 12 
CN B6 23 36 
CN C1 15 17 
CN C2 19 33 
CN C3 34 8 
CN C4 34 8 
CN C5 14 11 
CN D1 14 14 
CN D2 18 25 
CN D3 28 27 
CN D4 27 31 
CN D5 28 22 
CN D6 18 22 
CS A 28 44 
CS P 51 13 
CS U 23 36 
NT1 14 13 
MN123 21 48 
MN5 16 22 
MN6 27 28 
SC12 39 72 
SC3 25 14 
TR123 22 11 
TR4 4 2 
TR5 - - 
TR6 17 17 
TR7 8 - 
TR8 18 14 
TR9 39 38 
TR10 14 14 
TR11 24 28 
TR12 12 3 
VG123 29 27 
VG4 42 42 
VG6 28 28 
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The occupancy in 2 periods, one day in period 1 (teaching period) and one day in period 2 (summer), 
for VG4 building as an example of lecture and research buildings, are in Table 4-26. 
Table 4-26. Occupancy for (VG4) building. Source: Own elaboration. 
Classes & Research  Building (VG4) 
Schedule 
Period 1 Period 2 
Occupancy Occupancy 
5:00 -6:00 Null Null 
6:00 -7:00 Null Null 
7:00 - 8:00 Null Null 
8:00 -9:00 Low Null 
9:00 - 10:00 Medium Low 
10:00 - 11:00 High Low 
11:00 - 12:00 High Low 
12:00 -13:00 High Low 
13:00 - 14:00 High Low 
14:00 - 15:00 Low Low 
15:00 -16:00 High Low 
16:00 -17:00 High Low 
17:00 - 18:00 High Low 
18:00 - 19:00 Medium Low 
19:00 - 20:00 Low Null 
20:00 -21:00 Low Null 
21:00 - 22:00 Low Null 
22:00 -23:00 Null Null 
23:00 - 24:00 Null Null 
 
The occupancy in 2 periods, one day in winter and one day in summer, for Vertex building as an example 
of Service and administration buildings, are in Table 4-27. 
Table 4-27. Occupancy for Vertex building. Source: Own elaboration. 
Service and administration Buildings ( Vertex) 
Schedule 
Period 1 Period 2 
Occupancy Occupancy 
5:00 -6:00 Null Null 
6:00 -7:00 Null Null 
7:00 - 8:00 Null Null 
8:00 -9:00 High High 
9:00 - 10:00 High High 
10:00 - 11:00 High High 
11:00 - 12:00 High High 
12:00 -13:00 High High 
13:00 - 14:00 High High 
14:00 - 15:00 High High 
15:00 -16:00 Medium Null 
16:00 -17:00 Medium Null 
17:00 - 18:00 Medium Null 
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Service and administration Buildings ( Vertex) 
Schedule 
Period 1 Period 2 
Occupancy Occupancy 
18:00 - 19:00 Null Null 
19:00 - 20:00 Null Null 
20:00 -21:00 Null Null 
21:00 - 22:00 Null Null 
22:00 -23:00 Null Null 
23:00 - 24:00 Null Null 
 
An example of mixed building is presented in Table 4-28. The occupancy in such building consists of 
two periods. Teaching period, period 1 is the first one and the second one is period 2, which occurs in 
summer. 
Table 4-28. Occupancy for CN B1 building. Source: Own elaboration. 
Mixed Building ( CN B1) 
Schedule 
Period 1 Period 2 
Occupancy Occupancy 
5:00 -6:00 Null Null 
6:00 -7:00 Null Null 
7:00 - 8:00 Null Null 
8:00 -9:00 Medium Null 
9:00 - 10:00 Medium Medium 
10:00 - 11:00 High Medium 
11:00 - 12:00 High Medium 
12:00 -13:00 High Medium 
13:00 - 14:00 High Medium 
14:00 - 15:00 Low Medium 
15:00 -16:00 Medium Low 
16:00 -17:00 Medium Low 
17:00 - 18:00 Medium Low 
18:00 - 19:00 Medium Low 
19:00 - 20:00 Low Null 
20:00 -21:00 Low Null 
21:00 - 22:00 Low Null 
22:00 -23:00 Null Null 
23:00 - 24:00 Null Null 
 
The following figures 4-1 to 4-3, display the changes of occupancy for the three types of buildings during 
weekdays in two periods. 
Figure 4-1 depicts the occupancy during a weekday for the building VG4 as an example of lecture and 
research buildings, in two periods. Two remarks can be observed in the previous figure. The first one 
in figure 4-1-a is that the trend shows that the users arrive from 7 am. To 10 am. and, reaches the 
Chapter 4         
  
  
 
 
 
R
es
u
lt
s 
45 
 
maximum level between 10 am. to 1 pm. The trend declines during lunchtime, however, it rises again 
between 3 pm and 5 pm to reach the high level observed in the morning. The users leave between 6 
pm and 9 pm. the second remarks in figure 4-1-b is that the trend is more stable and the level of the 
occupancy is low. 
 
 
Figure 4-1. Occupancy of VG4 Building, a) Period 1, b) period 2. Source: Own elaboration. 
Figure 4-2 depicts the occupancy during a weekday for the building CN B1 as an example of mixed 
buildings, in two periods.  In period 1, a) the trend shows that the users arrive from 7 am. To 10 am. 
and reaches the maximum level between 10 am. To 1 pm. and declines in the lunchtime. After the 
lunchtime, the level of occupancy is between the low and the medium level, and the users leave 
between 6 pm and 9 pm. In period 2, b) the level of the occupancy is between low and medium in the 
morning and low in the afternoon. 
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Figure 4-2. Occupancy of B1 Building, a) Period 1, b) Period 2. Source: Own elaboration. 
Figure 4-3 shows the occupancy during a weekday for the building Vertex as an example of service and 
administration buildings, in two periods.  In period 1, a) the trend shows that the users arrive from 7 
am. to 8 am. and reaches the high level between 10 am. to 2 pm. and declines between 2 pm. and 3 
pm. to arrive the medium level between 3 pm. and 5 pm. and the users leave at 6 pm. in period 2, b) 
the trend is stable, the level of the occupancy is high between 8 am to 3 pm. when the users leave. 
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Figure 4-3. Occupancy of Vertex Building, a) Period 1, b) Period 2. Source: Own elaboration. 
4.2.2 Energy Consumption 
Figures 4-4 to 4-6 show the energy consumption for typical weekday for lecture and research buildings, 
service and administration buildings and mixed buildings respectively. 
(Annex 3 shows Annual energy consumption, monthly energy consumption, energy consumption per 
area and energy consumption per meter cubic). 
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Figure 4-4. Energy consumption for typical weekday for lecture and research buildings. Source: Own 
elaboration. 
 
Figure 4-5. Typical working day for services and administration buildings. Source: Own elaboration. 
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Figure 4-6. Typical working day for mixed buildings. Source: Own elaboration. 
 
 
Figure 4-7. Energy consumption in typical two weeks for lecture and research buildings. Source: Own 
elaboration. 
Figures 4-7 to 4-9 depicts the energy consumption in typical two weeks for lecture and research 
buildings, service and administration buildings and mixed buildings respectively. Figure 4-10 illustrates 
the change in energy consumption for one week when has one day holiday during it. 
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Figure 4-8. Energy consumption in typical two weeks for services and administration buildings. Source: 
Own elaboration. 
 
 
Figure 4-9. Energy consumption in typical two weeks for mixed buildings. Source: Own elaboration. 
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Figure 4-10. Energy consumption for two weeks with one-day holiday during the week. Source: Own 
elaboration. 
 
Figure 4-11. Energy consumption on 2013 for lecture and research buildings. Source: Own elaboration. 
The energy consumption from January to September 2013 is showed in figure 4-11, where can be noted 
the big difference between cold months consumption and worm months consumption, because of the 
gas consumption that used for heating. Furthermore, the figure depicts the energy on a long holiday 
(ester week) and on august when the university is closed. 
The annual energy consumption for the years 2011, 2012 and 2013 are in table 4-29. 
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Table 4-29. Annual Energy Consumption (UPC) 2011, 2012, 2013. Source: Own elaboration. 
Gas and Electricity Consumption [KWh] 
Buildings 
code 
2011 2012 2013 Average 
A1 380499 174056 192465 249007 
A2 447194 252744 260385 320108 
A3 655858 278386 277971 404072 
A4 124229 111797 152500 129509 
A5 131370 104280 151918 129189 
A6 71467 48275 57972 59238 
B1 52723 84184 155640 97516 
B2 578229 238118 242791 353046 
B3 222820 208859 201843 211174 
B4-B5 351159 321315 400970 357814 
B6 62341 305676 391894 253304 
BIB 1138649 845938 852582 945723 
C1 550399 459460 607681 539180 
C2 384252 383164 375392 380936 
C3 314077 295423 390765 333422 
C4 394657 349075 325076 356269 
C5 676130 636125 590635 634296 
C6 1543586 1756776 1539551 1613304 
D1 368962 311586 350845 343798 
D2 320780 297136 286580 301499 
D3 190415 274161 339863 268146 
D4 371241 180156 302721 284706 
D5 307670 420613 536661 421648 
D6 1194652 2409553 2580615 2061607 
VX 884568 840174 797396 2522138 
A - - 835891 835891 
C - - 335108 335108 
P - - 528916 528916 
U - - 3312036 3312036 
NT1 111061 235314 197589 181322 
C4C 1153254 1891582 1335106 1459981 
D4C 942183 842533 730263 838326 
D7C 491974 554038 717805 587939 
MN1 77500 107650 168710 117953 
MN2 77500 107650 168710 117953 
MN3 77500 107650 168710 117953 
MN5 637740 633665 445758 572388 
MN6 223190 167431 155637 182086 
SC1-2-3 408771 401526 1171392 660563 
TR1 391768 482088 487871 453909 
TR2 391768 482088 487871 453909 
TR3 391768 482088 487871 453909 
TR4 613138 620806 711302 648416 
TR5 598106 580826 711302 630078 
TR6 598106 580826 711302 630078 
TR45 613138 620806 711302 648416 
TR7 184349 192766 189255 188790 
Chapter 4         
  
  
 
 
 
R
es
u
lt
s 
53 
 
Gas and Electricity Consumption [KWh] 
Buildings 
code 
2011 2012 2013 Average 
TR8 247615 197361 286792 243923 
TR9 144129 123275 141797 136400 
TR10 247567 239991 278344 255300 
TR11 155216 145745 170364 157108 
TR12 273892 246162 236063 252039 
VG1 290447 287330 265114 280963 
VG2 290447 287330 265114 280963 
VG3 290447 287330 265114 280963 
VG1 2 3 - - - - 
VG4 155861 154743 155818 155474 
VG6 85272 82970 330653 166298 
 
4.2.3 Weather data 
Taking into account that PC campuses are located in different climatic regions, different weather 
stations within the Catalan Institute of Meteorology were used, (Meteocat, 2014). UPC campuses and 
there weather stations are in Table 4-30. 
Table 4-30. Weather stations for UPC campuses. Source: Own elaboration. 
Campus North  South  Nautical  Terrassa  Castelldefels  Sant Cugat   Manresa  Vilanova  
Station X8 X8 X2 D2 UG XV R1 UK 
 
Where: X8 is Zona universitaria station- Barcelona, X2 is Zoo station- Barcelona, D2 is Vacarisses station, 
UG is Viladecans station, XV is Sant Cugat del Valles, R1 is El pont de vilomara station and UK is Garraf 
station. 
4.3 KPIs calculation and analysis 
4.3.1 Energy consumption per unit area 
Figure 4-12 shows the annual energy consumption per area for the buildings of the north campus, for 
the years 2011, 2012 and 2013. It can be seen in this figure that the energy consumption per area has 
been reduced in 2013 for many buildings in the campus. On the contrary, the buildings B1, C3, D3, D5 
and have an increase in energy consumption although there is no expansion of areas neither new 
equipment. The electrical energy consumption in the building B6 has increased in 2013 although it has 
been removed the server room in 2012. 
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Figure.4-12. Comparison of annual energy consumption per unit area for the buildings of the north Campus 
in 2011, 2012 and 2013. Source: Own elaboration. 
On other, hand the energy consumption per area for the building D6 is much more than the energy 
consumption in others buildings and this because the building different use, where D6 is the 
department of Computer Architecture where exist many servers, in addition to new computers that 
have been placed in 2012. 
The total energy consumption for the buildings of the north campus in 2011 was 6332143 kWh, in 2012 
decreased to 6011240 kWh and in 2013-increased again to reach the maximum value 6952450 kWh. 
Taking into account that the monitored building and the floor area are the same in the years 2011, 
2012, 2012, these values mean that although the Energy Optimization Project of UPC (POE) that 
implemented in 2011, the energy consumption in the north campus increased. 
4.3.2 Energy consumption per meter cubic 
In Figure 4-13 comparison between energy consumption, energy consumption per unit area and energy 
consumption per meter cubic for UPC buildings. In the buildings from A1 to A6, which have the same 
floor area and the same volume, the comparison is between the energy consumption for each building, 
thus the building A3 has the highest energy consumption. Nevertheless, for others buildings like D4 and 
C, it can be noted that the energy consumption for D4 is lower than C, but its energy consumption per 
unit area is higher. In addition the energy consumption per meter cubic for D4 is much higher than C, 
this mean that the volume of the buildings affects the energy consumption. 
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Figure 4-13. Comparison between energy consumption, energy consumption per unit area and energy 
consumption per meter cubic for UPC buildings. Source: Own elaboration. 
4.3.3 Energy consumption per degree-days 
The daily energy consumption, with daily heating and cooling degree-days for each building has been 
used in this dissertation. Depending on the campuses’ academic calendars, the values related to the 
weekends and holidays have been deleted in order to obtain as accurate results as possible. The 
relationship between the energy consumption and degree-days for C1 building, as an example, is 
illustrated in Figure 4-14. (See annex 4 for more details, it is not possible to attach all the calculate)  
For heating degree-days, the trend shows that the energy consumption per area, increased gradually 
with degree-days. However, the value of R2 (coefficient of determination) is very small, 0, 27, and this 
mean that the trend explains just 27% of the relationship, this dose not mean that there is no fit. 
  
 
Figure 4-14. Relation between energy consumption per unit area and degree-days for C1 Building. a) HDD. 
b) CDD. Source: Own elaboration. 
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And it is observed, there are different values of energy consumption, for the same degree-days value. 
For cooling degree-days, the points are totally random and there is no explicit fit. The same remark for 
the trend of the energy consumption per volume is also noticed. Figure 4-15. 
  
Figure 4-15. Relation between energy consumption per volume and Degree-days for C1 Building. a) HDD. b) 
CD. Source: Own elaboration. 
Buildings (A6, A5, D4, MN5, MN6, CS A, CS B, CS P,TR5 6, TR7, TR9) have no date for the gas 
consumption, and as the main consumption in cold months is gas consumption, the graphs of heating 
degree-days for these buildings showed that there is not clearl. Figure 4-16 illustrated that the pairs for 
the building D4, are random for heating degree-days, in addetion, the values of energy consumption 
nearly stay in the same level while cooling degree-days increse. 
  
Figure 4-16. Relation between energy consumption per area and degree-days for D4 Building. a) HDD. b) 
CDD. Source: Own elaboration. 
4.3.4 Energy consumption per surfaces of facades 
In Figure 4-17, to find a relationship between the energy consumption and surface of facades, has been 
used the monthly energy consumption per area for different buildings in the campuses and according 
to monthly degree-days, because of the different climatic region. The data has been taken for two 
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months, in two seasons, February and June. It is clear in figure 4-17, a) and b) there is no clear relation 
between results. The factor of energy consumption per surface of principal façade has been analysed 
in the same manner and did not give clear result. 
 
 
Figure 4-17. Relationship between energy consumption per unit area and facades area for UPC buildings. a) 
On February, b) On June. Source: Own elaboration. 
4.3.5 Energy consumption per percentage of windows 
In Figure, 4-18, to find a relationship between the energy consumption and the percentage of windows, 
has been used the monthly energy consumption per area for different buildings in the campuses and 
according to monthly degree-days, because of the different climatic region. The data has been taken 
for two months, in two seasons, February and June. It is clear in figure 4-18, a) there is no clear relation 
between results, but figure 4-18, b) shows that there is inverse relationship between energy 
consumption per area and windows percentage of total area. 
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Figure 4-18. Relationship between energy consumption per unit area and windows percentage of total 
facades area for UPC Building. a) On February, b) On June. Source: Own elaboration. 
4.3.6 Energy consumption pershape factor 
To find a relationship between the energy consumption and the shape factor, which is the area of all 
facades to the volume of the building ratio, has been used the monthly energy consumption per area 
for different buildings in the campuses and according to monthly degree-days, because of the different 
climatic region. The data has been taken for two months, in two seasons, February and June. Figure 4-
19, a) and b) showed a positive relationship where the energy consumption increases gradually with 
the increase of shape factor this relationship is more clear in 19, a) than figure 19, b). 
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Figure 4-19. Relationship between energy consumption per unit area and shape factor for UPC Building. a) 
On February, b) On June. Source: Own elaboration. 
4.3.7 Energy consumption per year of construction 
In Figures 4-20-a) and b) an attempt has been made to find relationship between the energy 
consumption and the year of construction of UPC buildings, by using the monthly energy consumption 
per area for different buildings in the campuses and according to monthly degree-days, because of the 
different climatic region. The data has been taken for two months, in two seasons, February and June. 
Logically the energy consumption should decrease in new constructed buildings, because of the 
growing interest of energy consumption efficiency in buildings technical codes. Nevertheless, as it is 
presented in Figure 4-19 a) and b), the results are scattered and there is no clear relation. 
0
0,01
0,02
0,03
0,04
0,05
0,06
0,07
0,08
0,09
0,00 0,05 0,10 0,15 0,20 0,25 0,30En
e
rg
y 
co
n
su
m
p
ti
o
n
 p
e
r 
u
n
it
 a
re
a 
an
d
 d
e
gr
e
e
-
d
ay
s 
[k
W
h
/m
2
.°
C
]
Shape factor[-]
a
0
0,02
0,04
0,06
0,08
0,1
0,12
0,14
0,16
0,18
0,2
0,00 0,05 0,10 0,15 0,20 0,25 0,30En
e
rg
y 
co
n
su
m
p
ti
o
n
 p
e
r 
u
n
it
 a
re
a 
an
d
 d
e
gr
e
e
-
d
ay
s 
[k
W
h
/m
2 .
°C
]
Shape factor[-]
b
                               Chapter 4           
 
 
R
es
u
lt
s 
60 
 
 
Figure 4-20. Relationship between energy consumption per unit and year of construction for UPC Building 
in June. Source: Own elaboration. 
As it is depicted in the previous figures, most of the buildings are constructed in the nineties; however, 
these buildings have vast differences in energy consumption. Moreover, high levels of consumptions 
are not associated with older buildings. This may be due to the restoration of old building and 
installation new heating or cooling system.  
4.3.8 Energy consumption per ocupancy and space use 
This section explains that the energy consumption is depending on the occupancy and hours of work. 
As it was described in section 3.2.1, the buildings were categorised into three groups depending on the 
space use: classes & research buildings, service & administration buildings, and mixed buildings. The 
following figures show the relation between energy consumption and occupancy in two periods of the 
year. 
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Figure 4-21, presents a comparison between the energy consumption and the occupancy during a 
working day for VG4 (classes & research) in Vilanova campus. 
 
Figure 4-21. Energy consumption per unit area and occupation for VG4 building. a) A working day in 
February. b) A working day in May. c) A working day in July. Source: Own elaboration. 
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Graph a) in months of classes in February, represents that the line of energy consumption reaches its highest 
point at 7:00 am, an hour before the start of arrival of people, which is logic. Then it changes slightly during the 
working hours until the 18:00 pm, when starts decreasing rapidly, correspondent with the line of the occupancy. 
The two lines seem nearly identical for Vertex building, which is an example for service & administration buildings, 
as it is clear in Figure 4-22, a, b ( in winter) and c (in summer) respectively. 
 
Figure 4-22. Energy consumption per unit area and occupation for Vertex building. a) A working day in 
February. b) A working day in May. c) A working day in July. Source: Own elaboration. 
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Figure 4-23. Energy consumption per unit area and occupation for Vertex building. a) A working day in 
February. b) A working day in May. c) A working day in July. Source: own elaboration. 
For mixed buildings, the results follow the same behaviour, it by examining Figure 4-23 a) (for CN B1) 
it shown that in months of classes the both lines (energy consumption and occupancy) reach their 
highest points between 9:00 am and 13:00 pm. Then the consumption decrease sharply in the hour of 
the lunch, and rises moderately again to remain stable until the 9:00 pm when decline with the end of 
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the day and it is nearly the same for b) which refers to May. c) Which refers to July when the occupancy 
is less, we can see correspondence between two lines. 
4.3.9 Energy consumption per U-value 
The façade composition is not available in most of the UPC buildings, and thus U-Values had to be taken 
from López (2006). There is no correlation between the energy consumption and U values.  (Perez and 
Capeluto, 2009) obtained the same result, where found that the thermal mass of the external wall 
showed very little influence on the energy consumption and therefore no restrictions were defined for 
it. Figure 4-24. 
 
Figure4-24. Relationship between energy consumption per unit and U-value for some buildings. Source: 
Own elaboration. 
4.3.10 Standby hours 
Figures 4-25 and 4-26, show the standby hours, the medium energy consumption in theses hours and 
the standard deviation for two working days, one day on March a), and another one on June b), for the 
north campus and  for others campuses respectively. 
For the north campus, the buildings A1 to A6 have the same use (lecture and research) but the figure 
4-25-(a shows that A1 and A2 have higher standby consumption and more standby hours than the 
others buildings, and maybe this because the classrooms of computers in the basements of these two 
buildings. 
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Figure 4-25. Standby hours, medium energy consumption standard deviation. a) In working day on March. 
b) In working day in June, for the north campus. Source: Own elaboration. 
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Figure 4-26. Standby hours, medium energy consumption standard deviation. a) In working day on March. 
b) In working day in June, for the north campus. .Source: Own elaboration. 
The Comparison shows that the standby consumption is higher in March than in June in most of the 
buildings, and this because the occupancy in March is higher than in June. 
(Annex 5 shows standby consumption, standard deviation and standby hours for one day on March and 
one day on June for some buildings of UPC) 
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Chapter 5 
5. Conclusions 
This study aimed to develop energy performance indicators that have an important effect on energy 
consumption in universities buildings. Energy performance indicators were developed taking into 
account some parameters of the buildings such as floor area, number of users, U- Value etc. Results 
will be based on various buildings on the Technical University of Catalonia (UPC) campus. The study 
focused on the electricity and gas consumption and conducted within the period of one year from 
1/10/2012 to 30/09/2013. 
The data of energy consumption for many buildings of UPC in different campuses, which has been taken 
from Sirena, UPC project, is not complete. Some buildings have no information about gas consumption 
and others have not information about gas and electricity for few months. Furthermore, for the EUETIT 
and ETSEIAT buildings in Terrassa campus, the energy consumption could be taken for the whole group 
or for each building alone, but it has been noted that the total energy consumption for the group is not 
equal to the sum of energy consumption for the buildings separately. On the other hand, some 
parameters of the buildings were difficult to obtain, such as who related to the façade material and 
glazing types, expect the floor area of the buildings and the year of construction. 
The following conclusions can be drawn: 
 From the literature review, it can be concluded that existing energy performance indicators are 
not comprehensive and there is need to find new and more accurate ones. 
 The parameters influencing mostly energy consumption are the occupancy and space use .This 
means that the extended occupant’s awareness is a key power in order to improve the energy 
performance of educational buildings. 
 The volume of the building should be taken into account when studying the energy 
consumption.  
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 The shape factor has a clear effect on the energy consumption. 
 The external temperature that presented as degree-days, is not directly related to 
consumption, but can give an idea of the effect of the weather.  
 The other factors presented in this study showed less effect on the energy consumption, 
such as the façade area, windows percentage of total area, the year of construction and U-
value of the walls. (Maybe this because the lack of information in some cases). 
 In spite of the implementation of Energy Optimization Project of UPC (POE) since 2011, the 
energy consumption in 2013 in the north campus is higher than the one in 2011. (Maybe this 
is due to the necessity of one more sensor, or because of an error in one sensor).  
It would worth to create and maintain a database including some characteristics of UPC buildings such 
as U-values for walls, roofs and windows, the insulation layer, the facades areas , orientation of facades, 
windows percentage of total area, and glazing type. This data would help in further studies analysing 
future energy performance evolution. 
Further research should be conducted to explore the reason of the increase in energy consumption in 
the north campus in 2013. 
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Annexes 
 
Annex 1. Hourly energy consumption, daily standby consumption, standby hours and standard 
deviation for each day (March 2013), for the building D7C. 
Annex 2. UPC buildings' characteristics.  
Annex 3. Annual energy consumption, monthly energy consumption, energy consumption per 
area and energy consumption per meter cubic.  
Annex 4. Data of relationship between energy consumption per area and degree-days for the 
building C1, as example in the period of study. 
Annex 5. standby consumption, standard deviation and standby hours for one day on March and 
one day on June for some buildings of UPC. 
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Annex 1. Hourly energy consumption, daily standby consumption, standby hours and standard deviation (March 2013) for D7C building. Source: Own elaboration. 
March 2013 Total energy 
consumption[kWh] 
Standby 
3 Hours with minimum consumption 
M Ch 
∑Consumption 
<Ch 
Ch 
hs 
[Hours] 
M1 σ 
Date Hour m1[kWh] m2[kWh] m3[kWh] 
01/03/2013 00:00 16,31 14,90 16,06 16,22 15,73 19,66 136,20 16,31 8,00 17,02 1,41 
01/03/2013 01:00 18,77       18,77    
01/03/2013 02:00 16,22       16,22    
01/03/2013 03:00 16,06       16,06    
01/03/2013 04:00 17,56       17,56    
01/03/2013 05:00 19,45       19,45    
01/03/2013 06:00 319,38       17,02    
01/03/2013 07:00 268,35       17,02    
01/03/2013 08:00 420,26       17,02    
01/03/2013 09:00 408,59       17,02    
01/03/2013 10:00 369,14       17,02    
01/03/2013 11:00 329,35       17,02    
01/03/2013 12:00 316,58       17,02    
01/03/2013 13:00 359,96       17,02    
01/03/2013 14:00 342,48       17,02    
01/03/2013 15:00 272,09       17,02    
01/03/2013 16:00 259,50       17,02    
01/03/2013 17:00 253,23       17,02    
01/03/2013 18:00 235,81       17,02    
01/03/2013 19:00 201,57       17,02    
01/03/2013 20:00 86,26       17,02    
01/03/2013 21:00 24,70       17,02    
01/03/2013 22:00 16,93       16,93    
01/03/2013 23:00 14,90       14,90    
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March 2013 Total energy 
consumption[kWh] 
Standby 
3 Hours with minimum consumption 
M Ch 
∑Consumption 
<Ch 
Ch 
hs 
[Hours] 
M1 σ 
Date Hour m1[kWh] m2[kWh] m3[kWh] 
02/03/2013 00:00 17,50 13,95 14,76 14,80 14,50 18,13 241,36 17,50 15,00 16,09 1,06 
02/03/2013 01:00 15,32       15,32    
02/03/2013 02:00 13,95       13,95    
02/03/2013 03:00 16,95       16,95    
02/03/2013 04:00 16,95       16,95    
02/03/2013 05:00 16,95       16,95    
02/03/2013 06:00 16,06       16,06    
02/03/2013 07:00 14,76       14,76    
02/03/2013 08:00 15,24       15,24    
02/03/2013 09:00 16,03       16,03    
02/03/2013 10:00 16,78       16,78    
02/03/2013 11:00 18,95       16,09    
02/03/2013 12:00 21,40       16,09    
02/03/2013 13:00 19,89       16,09    
02/03/2013 14:00 20,79       16,09    
02/03/2013 15:00 18,49       16,09    
02/03/2013 16:00 19,17       16,09    
02/03/2013 17:00 20,02       16,09    
02/03/2013 18:00 19,60       16,09    
02/03/2013 19:00 19,35       16,09    
02/03/2013 20:00 16,54       16,54    
02/03/2013 21:00 17,71       17,71    
02/03/2013 22:00 14,80       14,80    
02/03/2013 23:00 15,83       15,83    
03/03/2013 00:00 14,86 14,72 14,86 14,98 14,85 18,57 154,58 14,86 10,00 15,46 0,57 
03/03/2013 01:00 16,02       16,02    
03/03/2013 02:00 14,98       14,98    
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March 2013 Total energy 
consumption[kWh] 
Standby 
3 Hours with minimum consumption 
M Ch 
∑Consumption 
<Ch 
Ch 
hs 
[Hours] 
M1 σ 
Date Hour m1[kWh] m2[kWh] m3[kWh] 
03/03/2013 03:00 14,72       14,72    
03/03/2013 04:00 16,49       16,49    
03/03/2013 05:00 15,00       15,00    
03/03/2013 06:00 15,53       15,53    
03/03/2013 07:00 16,13       16,13    
03/03/2013 08:00 15,24       15,24    
03/03/2013 09:00 15,62       15,62    
03/03/2013 10:00 19,96       15,46    
03/03/2013 11:00 19,07       15,46    
03/03/2013 12:00 21,18       15,46    
03/03/2013 13:00 21,18       15,46    
03/03/2013 14:00 20,34       15,46    
03/03/2013 15:00 19,74       15,46    
03/03/2013 16:00 21,43       15,46    
03/03/2013 17:00 20,98       15,46    
03/03/2013 18:00 20,56       15,46    
03/03/2013 19:00 20,53       15,46    
03/03/2013 20:00 21,25       15,46    
03/03/2013 21:00 19,25       15,46    
03/03/2013 22:00 19,81       15,46    
03/03/2013 23:00 19,00       15,46    
04/03/2013 00:00 15,32 14,67 15,26 15,32 15,08 18,85 78,67 15,32 5,00 15,73 0,89 
04/03/2013 01:00 16,20       16,20    
04/03/2013 02:00 14,67       14,67    
04/03/2013 03:00 15,26       15,26    
04/03/2013 04:00 17,22       17,22    
04/03/2013 05:00 20,27       15,73    
04/03/2013 06:00 537,73       15,73    
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March 2013 Total energy 
consumption[kWh] 
Standby 
3 Hours with minimum consumption 
M Ch 
∑Consumption 
<Ch 
Ch 
hs 
[Hours] 
M1 σ 
Date Hour m1[kWh] m2[kWh] m3[kWh] 
04/03/2013 07:00 383,95       15,73    
04/03/2013 08:00 448,17       15,73    
04/03/2013 09:00 405,41       15,73    
04/03/2013 10:00 339,41       15,73    
04/03/2013 11:00 314,22       15,73    
04/03/2013 12:00 316,90       15,73    
04/03/2013 13:00 330,24       15,73    
04/03/2013 14:00 320,17       15,73    
04/03/2013 15:00 291,30       15,73    
04/03/2013 16:00 249,04       15,73    
04/03/2013 17:00 218,30       15,73    
04/03/2013 18:00 215,62       15,73    
04/03/2013 19:00 179,08       15,73    
04/03/2013 20:00 84,15       15,73    
04/03/2013 21:00 27,28       15,73    
04/03/2013 22:00 22,63       15,73    
04/03/2013 23:00 20,54       15,73    
05/03/2013 00:00 18,61 16,01 17,46 17,57 17,01 21,27 146,77 18,61 8,00 18,35 1,20 
05/03/2013 01:00 16,01       16,01    
05/03/2013 02:00 17,57       17,57    
05/03/2013 03:00 17,46       17,46    
05/03/2013 04:00 19,19       19,19    
05/03/2013 05:00 19,94       19,94    
05/03/2013 06:00 271,27       18,35    
05/03/2013 07:00 246,86       18,35    
05/03/2013 08:00 381,79       18,35    
05/03/2013 09:00 341,66       18,35    
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March 2013 Total energy 
consumption[kWh] 
Standby 
3 Hours with minimum consumption 
M Ch 
∑Consumption 
<Ch 
Ch 
hs 
[Hours] 
M1 σ 
Date Hour m1[kWh] m2[kWh] m3[kWh] 
05/03/2013 10:00 305,91       18,35    
05/03/2013 11:00 261,78       18,35    
05/03/2013 12:00 273,26       18,35    
05/03/2013 13:00 277,16       18,35    
05/03/2013 14:00 276,95       18,35    
05/03/2013 15:00 244,51       18,35    
05/03/2013 16:00 203,61       18,35    
05/03/2013 17:00 193,44       18,35    
05/03/2013 18:00 178,78       18,35    
05/03/2013 19:00 166,36       18,35    
05/03/2013 20:00 73,08       18,35    
05/03/2013 21:00 23,64       18,35    
05/03/2013 22:00 18,49       18,49    
05/03/2013 23:00 19,51       19,51    
06/03/2013 00:00 18,08 16,75 17,64 18,08 17,49 21,86 110,06 18,08 6,00 18,34 1,06 
06/03/2013 01:00 17,64       17,64    
06/03/2013 02:00 16,75       16,75    
06/03/2013 03:00 18,59       18,59    
06/03/2013 04:00 18,81       18,81    
06/03/2013 05:00 20,19       20,19    
06/03/2013 06:00 281,17       18,34    
06/03/2013 07:00 243,68       18,34    
06/03/2013 08:00 326,51       18,34    
06/03/2013 09:00 289,69       18,34    
06/03/2013 10:00 252,96       18,34    
06/03/2013 11:00 243,22       18,34    
06/03/2013 12:00 241,25       18,34    
06/03/2013 13:00 259,72       18,34    
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March 2013 Total energy 
consumption[kWh] 
Standby 
3 Hours with minimum consumption 
M Ch 
∑Consumption 
<Ch 
Ch 
hs 
[Hours] 
M1 σ 
Date Hour m1[kWh] m2[kWh] m3[kWh] 
06/03/2013 14:00 243,53       18,34    
06/03/2013 15:00 186,21       18,34    
06/03/2013 16:00 166,86       18,34    
06/03/2013 17:00 137,89       18,34    
06/03/2013 18:00 165,21       18,34    
06/03/2013 19:00 131,98       18,34    
06/03/2013 20:00 85,26       18,34    
06/03/2013 21:00 27,19       18,34    
06/03/2013 22:00 22,56       18,34    
06/03/2013 23:00 22,01       18,34    
07/03/2013 00:00 19,30 16,42 17,98 18,33 17,58 21,98 151,37 19,30 8,00 18,92 1,37 
07/03/2013 01:00 19,60       19,60    
07/03/2013 02:00 17,98       17,98    
07/03/2013 03:00 16,42       16,42    
07/03/2013 04:00 18,33       18,33    
07/03/2013 05:00 21,45       21,45    
07/03/2013 06:00 263,17       18,92    
07/03/2013 07:00 218,19       18,92    
07/03/2013 08:00 289,52       18,92    
07/03/2013 09:00 213,95       18,92    
07/03/2013 10:00 227,50       18,92    
07/03/2013 11:00 205,52       18,92    
07/03/2013 12:00 204,76       18,92    
07/03/2013 13:00 232,16       18,92    
07/03/2013 14:00 228,88       18,92    
07/03/2013 15:00 195,22       18,92    
07/03/2013 16:00 163,74       18,92    
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March 2013 Total energy 
consumption[kWh] 
Standby 
3 Hours with minimum consumption 
M Ch 
∑Consumption 
<Ch 
Ch 
hs 
[Hours] 
M1 σ 
Date Hour m1[kWh] m2[kWh] m3[kWh] 
07/03/2013 17:00 138,26       18,92    
07/03/2013 18:00 158,40       18,92    
07/03/2013 19:00 132,91       18,92    
07/03/2013 20:00 73,99       18,92    
07/03/2013 21:00 26,35       18,92    
07/03/2013 22:00 19,56       19,56    
07/03/2013 23:00 18,71       18,71    
08/03/2013 00:00 18,43 16,52 18,43 18,48 17,81 22,26 152,29 18,43 8,00 19,04 1,34 
08/03/2013 01:00 18,48       18,48    
08/03/2013 02:00 16,52       16,52    
08/03/2013 03:00 19,05       19,05    
08/03/2013 04:00 18,78       18,78    
08/03/2013 05:00 21,55       21,55    
08/03/2013 06:00 259,24       19,04    
08/03/2013 07:00 188,98       19,04    
08/03/2013 08:00 264,73       19,04    
08/03/2013 09:00 190,19       19,04    
08/03/2013 10:00 204,43       19,04    
08/03/2013 11:00 198,19       19,04    
08/03/2013 12:00 196,95       19,04    
08/03/2013 13:00 220,68       19,04    
08/03/2013 14:00 202,15       19,04    
08/03/2013 15:00 171,57       19,04    
08/03/2013 16:00 142,87       19,04    
08/03/2013 17:00 121,08       19,04    
08/03/2013 18:00 133,91       19,04    
08/03/2013 19:00 130,02       19,04    
08/03/2013 20:00 63,18       19,04    
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March 2013 Total energy 
consumption[kWh] 
Standby 
3 Hours with minimum consumption 
M Ch 
∑Consumption 
<Ch 
Ch 
hs 
[Hours] 
M1 σ 
Date Hour m1[kWh] m2[kWh] m3[kWh] 
08/03/2013 21:00 25,35       19,04    
08/03/2013 22:00 19,76       19,76    
08/03/2013 23:00 19,73       19,73    
09/03/2013 00:00 18,71 16,50 16,84 17,22 16,85 21,07 270,70 18,71 15,00 18,05 0,85 
09/03/2013 01:00 17,87       17,87    
09/03/2013 02:00 18,26       18,26    
09/03/2013 03:00 18,44       18,44    
09/03/2013 04:00 17,78       17,78    
09/03/2013 05:00 20,02       20,02    
09/03/2013 06:00 17,22       17,22    
09/03/2013 07:00 16,50       16,50    
09/03/2013 08:00 18,43       18,43    
09/03/2013 09:00 19,01       19,01    
09/03/2013 10:00 18,25       18,25    
09/03/2013 11:00 17,33       17,33    
09/03/2013 12:00 21,62       18,05    
09/03/2013 13:00 22,98       18,05    
09/03/2013 14:00 22,05       18,05    
09/03/2013 15:00 22,32       18,05    
09/03/2013 16:00 22,18       18,05    
09/03/2013 17:00 22,17       18,05    
09/03/2013 18:00 23,64       18,05    
09/03/2013 19:00 21,41       18,05    
09/03/2013 20:00 21,98       18,05    
09/03/2013 21:00 18,10       18,10    
09/03/2013 22:00 16,84       16,84    
09/03/2013 23:00 17,94       17,94    
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March 2013 Total energy 
consumption[kWh] 
Standby 
3 Hours with minimum consumption 
M Ch 
∑Consumption 
<Ch 
Ch 
hs 
[Hours] 
M1 σ 
Date Hour m1[kWh] m2[kWh] m3[kWh] 
10/03/2013 00:00 18,12 16,54 16,65 16,87 16,69 20,86 230,93 18,12 13,00 17,76 1,15 
10/03/2013 01:00 17,16       17,16    
10/03/2013 02:00 19,87       19,87    
10/03/2013 03:00 16,92       16,92    
10/03/2013 04:00 18,83       18,83    
10/03/2013 05:00 16,54       16,54    
10/03/2013 06:00 16,87       16,87    
10/03/2013 07:00 16,65       16,65    
10/03/2013 08:00 18,00       18,00    
10/03/2013 09:00 17,99       17,99    
10/03/2013 10:00 22,43       17,76    
10/03/2013 11:00 22,05       17,76    
10/03/2013 12:00 21,58       17,76    
10/03/2013 13:00 23,49       17,76    
10/03/2013 14:00 21,65       17,76    
10/03/2013 15:00 22,23       17,76    
10/03/2013 16:00 22,22       17,76    
10/03/2013 17:00 21,89       17,76    
10/03/2013 18:00 22,12       17,76    
10/03/2013 19:00 23,70       17,76    
10/03/2013 20:00 22,36       17,76    
10/03/2013 21:00 20,09       20,09    
10/03/2013 22:00 16,94       16,94    
10/03/2013 23:00 16,95       16,95    
11/03/2013 00:00 18,17 16,54 17,42 18,06 17,34 21,67 109,28 18,17 6,00 18,21 1,09 
11/03/2013 01:00 19,27       19,27    
11/03/2013 02:00 16,54       16,54    
11/03/2013 03:00 18,06       18,06    
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March 2013 Total energy 
consumption[kWh] 
Standby 
3 Hours with minimum consumption 
M Ch 
∑Consumption 
<Ch 
Ch 
hs 
[Hours] 
M1 σ 
Date Hour m1[kWh] m2[kWh] m3[kWh] 
11/03/2013 04:00 17,42       17,42    
11/03/2013 05:00 19,82       19,82    
11/03/2013 06:00 510,83       18,21    
11/03/2013 07:00 276,17       18,21    
11/03/2013 08:00 292,34       18,21    
11/03/2013 09:00 235,97       18,21    
11/03/2013 10:00 211,33       18,21    
11/03/2013 11:00 204,70       18,21    
11/03/2013 12:00 204,87       18,21    
11/03/2013 13:00 221,82       18,21    
11/03/2013 14:00 242,56       18,21    
11/03/2013 15:00 177,36       18,21    
11/03/2013 16:00 168,49       18,21    
11/03/2013 17:00 126,32       18,21    
11/03/2013 18:00 147,81       18,21    
11/03/2013 19:00 131,28       18,21    
11/03/2013 20:00 107,44       18,21    
11/03/2013 21:00 74,59       18,21    
11/03/2013 22:00 66,51       18,21    
11/03/2013 23:00 66,60       18,21    
12/03/2013 00:00 66,31 64,37 64,66 64,68 64,57 80,71 593,03 66,31 9,00 65,89 1,93 
12/03/2013 01:00 64,66       64,66    
12/03/2013 02:00 64,37       64,37    
12/03/2013 03:00 64,68       64,68    
12/03/2013 04:00 65,60       65,60    
12/03/2013 05:00 66,18       66,18    
12/03/2013 06:00 93,56       65,89    
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March 2013 Total energy 
consumption[kWh] 
Standby 
3 Hours with minimum consumption 
M Ch 
∑Consumption 
<Ch 
Ch 
hs 
[Hours] 
M1 σ 
Date Hour m1[kWh] m2[kWh] m3[kWh] 
12/03/2013 07:00 154,31       65,89    
12/03/2013 08:00 199,13       65,89    
12/03/2013 09:00 209,24       65,89    
12/03/2013 10:00 193,01       65,89    
12/03/2013 11:00 214,32       65,89    
12/03/2013 12:00 204,46       65,89    
12/03/2013 13:00 236,33       65,89    
12/03/2013 14:00 218,65       65,89    
12/03/2013 15:00 185,63       65,89    
12/03/2013 16:00 165,35       65,89    
12/03/2013 17:00 133,71       65,89    
12/03/2013 18:00 173,14       65,89    
12/03/2013 19:00 136,46       65,89    
12/03/2013 20:00 105,89       65,89    
12/03/2013 21:00 71,02       71,02    
12/03/2013 22:00 65,49       65,49    
12/03/2013 23:00 64,72       64,72    
13/03/2013 00:00 64,59 63,72 63,90 64,59 64,07 80,09 589,58 64,59 9,00 65,51 1,69 
13/03/2013 01:00 63,72       63,72    
13/03/2013 02:00 65,36       65,36    
13/03/2013 03:00 63,90       63,90    
13/03/2013 04:00 64,91       64,91    
13/03/2013 05:00 68,59       68,59    
13/03/2013 06:00 91,99       65,51    
13/03/2013 07:00 139,40       65,51    
13/03/2013 08:00 193,55       65,51    
13/03/2013 09:00 197,20       65,51    
13/03/2013 10:00 201,04       65,51    
  
 
 
84 
 
March 2013 Total energy 
consumption[kWh] 
Standby 
3 Hours with minimum consumption 
M Ch 
∑Consumption 
<Ch 
Ch 
hs 
[Hours] 
M1 σ 
Date Hour m1[kWh] m2[kWh] m3[kWh] 
13/03/2013 11:00 201,98       65,51    
13/03/2013 12:00 212,56       65,51    
13/03/2013 13:00 227,44       65,51    
13/03/2013 14:00 228,78       65,51    
13/03/2013 15:00 209,58       65,51    
13/03/2013 16:00 179,48       65,51    
13/03/2013 17:00 155,38       65,51    
13/03/2013 18:00 153,96       65,51    
13/03/2013 19:00 139,76       65,51    
13/03/2013 20:00 108,92       65,51    
13/03/2013 21:00 68,46       68,46    
13/03/2013 22:00 65,08       65,08    
13/03/2013 23:00 64,97       64,97    
14/03/2013 00:00 62,06 61,85 62,06 63,46 62,46 78,07 590,89 62,06 9,00 65,65 2,95 
14/03/2013 01:00 65,30       65,30    
14/03/2013 02:00 65,28       65,28    
14/03/2013 03:00 61,85       61,85    
14/03/2013 04:00 63,46       63,46    
14/03/2013 05:00 67,01       67,01    
14/03/2013 06:00 95,20       65,65    
14/03/2013 07:00 143,62       65,65    
14/03/2013 08:00 190,60       65,65    
14/03/2013 09:00 186,89       65,65    
14/03/2013 10:00 193,13       65,65    
14/03/2013 11:00 190,23       65,65    
14/03/2013 12:00 215,80       65,65    
14/03/2013 13:00 237,91       65,65    
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March 2013 Total energy 
consumption[kWh] 
Standby 
3 Hours with minimum consumption 
M Ch 
∑Consumption 
<Ch 
Ch 
hs 
[Hours] 
M1 σ 
Date Hour m1[kWh] m2[kWh] m3[kWh] 
14/03/2013 14:00 225,72       65,65    
14/03/2013 15:00 187,57       65,65    
14/03/2013 16:00 158,27       65,65    
14/03/2013 17:00 146,82       65,65    
14/03/2013 18:00 173,72       65,65    
14/03/2013 19:00 150,22       65,65    
14/03/2013 20:00 108,78       65,65    
14/03/2013 21:00 71,90       71,90    
14/03/2013 22:00 67,87       67,87    
14/03/2013 23:00 66,16       66,16    
15/03/2013 00:00 63,13 63,00 63,01 63,13 63,05 78,81 579,97 63,13 9,00 64,44 1,81 
15/03/2013 01:00 63,01       63,01    
15/03/2013 02:00 63,50       63,50    
15/03/2013 03:00 64,12       64,12    
15/03/2013 04:00 63,87       63,87    
15/03/2013 05:00 65,46       65,46    
15/03/2013 06:00 95,25       64,44    
15/03/2013 07:00 131,87       64,44    
15/03/2013 08:00 179,83       64,44    
15/03/2013 09:00 204,97       64,44    
15/03/2013 10:00 198,35       64,44    
15/03/2013 11:00 196,81       64,44    
15/03/2013 12:00 195,96       64,44    
15/03/2013 13:00 241,53       64,44    
15/03/2013 14:00 216,16       64,44    
15/03/2013 15:00 178,73       64,44    
15/03/2013 16:00 164,44       64,44    
15/03/2013 17:00 146,06       64,44    
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March 2013 Total energy 
consumption[kWh] 
Standby 
3 Hours with minimum consumption 
M Ch 
∑Consumption 
<Ch 
Ch 
hs 
[Hours] 
M1 σ 
Date Hour m1[kWh] m2[kWh] m3[kWh] 
15/03/2013 18:00 141,70       64,44    
15/03/2013 19:00 124,75       64,44    
15/03/2013 20:00 103,94       64,44    
15/03/2013 21:00 69,03       69,03    
15/03/2013 22:00 64,86       64,86    
15/03/2013 23:00 63,00       63,00    
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Annex 2. UPC buildings' characteristics. Source: Own elaboration. 
 
 
 
Buildings  Location 
Year of 
construction 
Floor area 
[m2] 
Volume[m3] 
Degree-days 
February June 
 A1  Barcelona 1990 3967 9521 271 104 
 A2  Barcelona 1990 3889 9334 271 104 
 A3  Barcelona 1991 3783 9079 271 104 
 A4  Barcelona 1991 3795 9108 271 104 
 A5  Barcelona 1992 3886 9326 271 104 
 A6 Barcelona 1992 4216 10118 271 104 
 B1 Barcelona 1989 2848 9398 271 104 
 B2  Barcelona 1990 1318 2900 271 104 
 B3  Barcelona 1993 2263 5981 271 104 
 B6 Barcelona 1995 2337 6009 271 104 
 C1  Barcelona 1986 4895 13869 271 104 
 C2  Barcelona 1989 2475 8910 271 104 
 C3  Barcelona 1993 4755 12680 271 104 
 D1  Barcelona 1986 5208 14322 271 104 
 D2  Barcelona 1989 2971 7725 271 104 
 D3  Barcelona 1989 2969 7126 271 104 
 D4  Barcelona 1990 3049 9147 271 104 
 C  Barcelona 1980 8679 63646 271 104 
 P Barcelona 1962 15992 50261 271 104 
 NT1  Barcelona 1930 4254 12154 287 40 
 D7C Castelldefels  2006 6436 19308 278 50 
 TR8 Terrasssa 1992 6494 18183 323 63 
 TR9 Terrasssa 1996 2393 9572 323 63 
 TR11 Terrasssa 1997 2779 5767 323 63 
 TR12 Terrasssa 2001 2977 8893 323 63 
VG1 2 3 Vilanova 1959 10963 8931 331          - 
 VG4 Vilanova 1994 2278,18 11391 331          - 
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Annex 3. Annual energy consumption, monthly energy consumption, energy consumption per area and energy consumption per meter cubic. Source: Own 
elaboration. 
Buildings 
Annual Energy 
consumption 
2013[kWh] 
Monthly energy 
consumption in 
Winter(Feb.2013)[kWh] 
Monthly energy 
consumption in 
Summer(June.2013)[kWh] 
Energy consumption per 
area[kWh/m2] 
Energy consumption 
per meter cubic 
[kWh/m3] 
A1 192465 64000 18317 48517 20215 
A2 260385 64000 18317 66954 27898 
A3 277971 54769 13359 73479 30616 
A4 152500 13446 10814 40185 16744 
A5 151918 8592 8986 39094 16289 
A6 57972 4090 3410 13750 5729 
B1 155640 17412 10795 54649 16560 
B2 242791 19533 21667 184212 83733 
B3 201843 27685 12062 89193 33749 
B6 391894 46726 38379 167691 65213 
C1 607681 75437 48027 124143 43815 
C2 375392 29068 24038 151673 42132 
C3 390765 29479 36992 82180 30817 
D1 350845 48555 17928 67367 24497 
D2 286580 40913 15450 96459 37100 
D3 339863 43044 20394 114470 47696 
D4 302721 25370 26423 99285 33095 
C 335108 32598 22198 38611 5265 
P 528916 37124 44192 33074 10523 
NT1 197589 18420 9354 46448 16257 
D7C 717805 82836 12696 111530 37177 
TR8 286792 16301 17434 44163 15772 
TR9 141797 14019 16508 59255 14814 
TR10 278344 9010 10386 125493 48267 
TR11 170364 18650 21640 61304 19158 
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Annex 4.Relationship between energy consumption per area and degree-days for the building C1, in the period of study. Source: Own elaboration. 
Day 
Week 
days 
Month 
Working 
days 
Holiday 
days 
Total 
consumption[kWh] 
Floor 
area[m2] 
Consumption 
per 
area[kWh/m2] 
Temperature 
[°C] 
Base 
Temperature[°C] 
HDD CDD 
01/10/2012 1 10 1 0 1271 4895 0,26 18,7 20 0,0 0,0 
02/10/2012 2 10 1 0 1457 4895 0,30 18,0 20 0,0 0,0 
03/10/2012 3 10 1 0 1582 4895 0,32 19,4 20 0,0 0,0 
04/10/2012 4 10 1 0 1416 4895 0,29 20,7 20 0,0 0,0 
05/10/2012 5 10 1 0 1277 4895 0,26 20,6 20 0,0 0,0 
06/10/2012 6 10 0 1 817 4895 0,17 20,0 20 0,0 0,0 
07/10/2012 7 10 0 1 823 4895 0,17 21,5 20 0,0 0,0 
08/10/2012 1 10 1 0 1477 4895 0,30 21,1 20 0,0 0,0 
09/10/2012 2 10 1 0 1695 4895 0,35 22,1 20 0,0 0,0 
10/10/2012 3 10 1 0 1767 4895 0,36 21,6 20 0,0 0,0 
11/10/2012 4 10 1 0 1397 4895 0,29 20,2 20 0,0 0,0 
12/10/2012 5 10 1 0 898 4895 0,18 18,0 20 0,0 0,0 
13/10/2012 6 10 0 1 853 4895 0,17 16,9 20 0,0 0,0 
14/10/2012 7 10 0 1 869 4895 0,18 18,3 20 0,0 0,0 
15/10/2012 1 10 1 0 1248 4895 0,25 15,5 20 0,0 0,0 
16/10/2012 2 10 1 0 1291 4895 0,26 16,8 20 0,0 0,0 
17/10/2012 3 10 1 0 1282 4895 0,26 19,2 20 0,0 0,0 
18/10/2012 4 10 1 0 1507 4895 0,31 20,6 20 0,0 0,0 
19/10/2012 5 10 1 0 1355 4895 0,28 20,6 20 0,0 0,0 
20/10/2012 6 10 0 1 873 4895 0,18 20,8 20 0,0 0,0 
21/10/2012 7 10 0 1 898 4895 0,18 18,3 20 0,0 0,0 
22/10/2012 1 10 1 0 1255 4895 0,26 17,3 20 0,0 0,0 
23/10/2012 2 10 1 0 1237 4895 0,25 18,2 20 0,0 0,0 
24/10/2012 3 10 1 0 1379 4895 0,28 17,4 20 0,0 0,0 
25/10/2012 4 10 1 0 1194 4895 0,24 17,4 20 0,0 0,0 
26/10/2012 5 10 1 0 1256 4895 0,26 17,0 20 0,0 0,0 
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Day 
Week 
days 
Month 
Working 
days 
Holiday 
days 
Total 
consumption[kWh] 
Floor 
area[m2] 
Consumption 
per 
area[kWh/m2] 
Temperature 
[°C] 
Base 
Temperature[°C] 
HDD CDD 
27/10/2012 6 10 0 1 804 4895 0,16 15,2 20 0,0 0,0 
28/10/2012 7 10 0 1 809 4895 0,17 10,0 20 0,0 0,0 
29/10/2012 1 10 1 0 2402 4895 0,49 10,3 20 0,0 0,0 
30/10/2012 2 10 1 0 3487 4895 0,71 10,7 20 0,0 0,0 
31/10/2012 3 10 1 0 2799 4895 0,57 12,6 20 0,0 0,0 
01/11/2012 4 11 0 0 833 4895 0,17 13,8 20 0,0 0,0 
02/11/2012 5 11 1 0 1416 4895 0,29 15,8 20 0,0 0,0 
03/11/2012 6 11 0 1 791 4895 0,16 15,9 20 0,0 0,0 
04/11/2012 7 11 0 1 774 4895 0,16 16,3 20 0,0 0,0 
05/11/2012 1 11 1 0 2303 4895 0,47 13,8 20 0,0 0,0 
06/11/2012 2 11 1 0 2612 4895 0,53 12,0 20 0,0 0,0 
07/11/2012 3 11 1 0 2685 4895 0,55 11,4 20 0,0 0,0 
08/11/2012 4 11 1 0 2223 4895 0,45 12,8 20 0,0 0,0 
09/11/2012 5 11 1 0 1766 4895 0,36 14,7 20 0,0 0,0 
10/11/2012 6 11 0 1 1096 4895 0,22 14,9 20 0,0 0,0 
11/11/2012 7 11 0 1 1116 4895 0,23 12,5 20 0,0 0,0 
12/11/2012 1 11 1 0 2206 4895 0,45 12,0 20 0,0 0,0 
13/11/2012 2 11 1 0 2476 4895 0,51 14,1 20 0,0 0,0 
14/11/2012 3 11 1 0 1357 4895 0,28 16,8 20 0,0 0,0 
15/11/2012 4 11 1 0 1540 4895 0,31 14,8 20 0,0 0,0 
16/11/2012 5 11 1 0 1645 4895 0,34 14,3 20 0,0 0,0 
17/11/2012 6 11 0 1 823 4895 0,17 14,8 20 0,0 0,0 
18/11/2012 7 11 0 1 841 4895 0,17 15,0 20 0,0 0,0 
19/11/2012 1 11 1 0 2065 4895 0,42 13,7 20 0,0 0,0 
20/11/2012 2 11 1 0 1965 4895 0,40 12,9 20 0,0 0,0 
21/11/2012 3 11 1 0 1982 4895 0,40 13,7 20 0,0 0,0 
22/11/2012 4 11 1 0 2329 4895 0,48 13,1 20 0,0 0,0 
23/11/2012 5 11 1 0 2180 4895 0,45 12,6 20 0,0 0,0 
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Day 
Week 
days 
Month 
Working 
days 
Holiday 
days 
Total 
consumption[kWh] 
Floor 
area[m2] 
Consumption 
per 
area[kWh/m2] 
Temperature 
[°C] 
Base 
Temperature[°C] 
HDD CDD 
24/11/2012 6 11 0 1 824 4895 0,17 13,5 20 0,0 0,0 
25/11/2012 7 11 0 1 817 4895 0,17 13,5 20 0,0 0,0 
26/11/2012 1 11 1 0 1347 4895 0,28 14,2 20 0,0 0,0 
27/11/2012 2 11 1 0 1561 4895 0,32 8,8 20 0,0 0,0 
28/11/2012 3 11 1 0 1606 4895 0,33 8,7 20 0,0 0,0 
29/11/2012 4 11 1 0 1366 4895 0,28 9,8 20 0,0 0,0 
30/11/2012 5 11 1 0 1291 4895 0,26 7,3 20 0,0 0,0 
01/12/2012 6 12 0 1 805 4895 0,16 5,9 20 14,1 0,0 
02/12/2012 7 12 0 1 818 4895 0,17 7,0 20 13,0 0,0 
03/12/2012 1 12 1 0 1486 4895 0,30 10,1 20 9,9 0,0 
04/12/2012 2 12 1 0 1429 4895 0,29 10,9 20 9,1 0,0 
05/12/2012 3 12 1 0 1362 4895 0,28 9,4 20 10,6 0,0 
06/12/2012 4 12 0 0 816 4895 0,17 8,4 20 11,6 0,0 
07/12/2012 5 12 1 0 1082 4895 0,22 10,3 20 9,7 0,0 
08/12/2012 6 12 0 1 886 4895 0,18 10,2 20 9,8 0,0 
09/12/2012 7 12 0 1 893 4895 0,18 7,8 20 12,2 0,0 
10/12/2012 1 12 1 0 1493 4895 0,30 7,9 20 12,1 0,0 
11/12/2012 2 12 1 0 1556 4895 0,32 7,7 20 12,3 0,0 
12/12/2012 3 12 1 0 1501 4895 0,31 7,7 20 12,3 0,0 
13/12/2012 4 12 1 0 1318 4895 0,27 10,0 20 10,0 0,0 
14/12/2012 5 12 1 0 1316 4895 0,27 12,2 20 7,8 0,0 
15/12/2012 6 12 0 1 830 4895 0,17 15,5 20 4,5 0,0 
16/12/2012 7 12 0 1 823 4895 0,17 14,7 20 5,3 0,0 
17/12/2012 1 12 1 0 1323 4895 0,27 12,8 20 7,2 0,0 
18/12/2012 2 12 1 0 1324 4895 0,27 10,5 20 9,5 0,0 
19/12/2012 3 12 1 0 1451 4895 0,30 10,9 20 9,1 0,0 
20/12/2012 4 12 1 0 1265 4895 0,26 12,3 20 7,7 0,0 
21/12/2012 5 12 1 0 1274 4895 0,26 12,8 20 7,2 0,0 
22/12/2012 6 12 0 1 756 4895 0,15 11,9 20 8,1 0,0 
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Day 
Week 
days 
Month 
Working 
days 
Holiday 
days 
Total 
consumption[kWh] 
Floor 
area[m2] 
Consumption 
per 
area[kWh/m2] 
Temperature 
[°C] 
Base 
Temperature[°C] 
HDD CDD 
23/12/2012 7 12 0 1 753 4895 0,15 12,1 20 7,9 0,0 
24/12/2012 1 12 0 1 814 4895 0,17 9,1 20 10,9 0,0 
25/12/2012 2 12 0 1 731 4895 0,15 11,0 20 9,0 0,0 
26/12/2012 3 12 0 1 736 4895 0,15 11,9 20 8,1 0,0 
27/12/2012 4 12 0 1 900 4895 0,18 10,8 20 9,2 0,0 
28/12/2012 5 12 0 1 881 4895 0,18 11,5 20 8,5 0,0 
29/12/2012 6 12 0 1 734 4895 0,15 10,9 20 9,1 0,0 
30/12/2012 7 12 0 1 703 4895 0,14 10,0 20 10,0 0,0 
31/12/2012 1 12 0 1 734 4895 0,15 9,0 20 11,0 0,0 
01/01/2013 2 1 0 1 701 4895 0,14 8,8 20 11,2 0,0 
02/01/2013 3 1 0 1 953 4895 0,19 8,8 20 11,2 0,0 
03/01/2013 4 1 0 1 943 4895 0,19 9,3 20 10,7 0,0 
04/01/2013 5 1 0 1 33 4895 0,01 11,3 20 8,7 0,0 
05/01/2013 6 1 0 1 3 4895 0,00 13,7 20 6,3 0,0 
06/01/2013 7 1 0 1 3 4895 0,00 13,4 20 6,6 0,0 
07/01/2013 1 1 1 0 3 4895 0,00 13,2 20 6,8 0,0 
08/01/2013 2 1 1 0 3 4895 0,00 11,2 20 8,8 0,0 
09/01/2013 3 1 1 0 3 4895 0,00 8,7 20 11,3 0,0 
10/01/2013 4 1 1 0 1143 4895 0,23 8,6 20 11,4 0,0 
11/01/2013 5 1 1 0 1142 4895 0,23 10,0 20 10,0 0,0 
12/01/2013 6 1 0 1 9 4895 0,00 8,9 20 11,1 0,0 
13/01/2013 7 1 0 1 12 4895 0,00 7,4 20 12,6 0,0 
14/01/2013 1 1 1 0 1783 4895 0,36 7,3 20 12,7 0,0 
15/01/2013 2 1 1 0 1877 4895 0,38 7,7 20 12,3 0,0 
16/01/2013 3 1 1 0 2187 4895 0,45 9,0 20 11,0 0,0 
17/01/2013 4 1 1 0 2099 4895 0,43 9,3 20 10,7 0,0 
18/01/2013 5 1 1 0 1987 4895 0,41 9,1 20 10,9 0,0 
19/01/2013 6 1 0 1 8 4895 0,00 11,0 20 9,0 0,0 
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Day 
Week 
days 
Month 
Working 
days 
Holiday 
days 
Total 
consumption[kWh] 
Floor 
area[m2] 
Consumption 
per 
area[kWh/m2] 
Temperature 
[°C] 
Base 
Temperature[°C] 
HDD CDD 
20/01/2013 7 1 0 1 13 4895 0,00 9,4 20 10,6 0,0 
21/01/2013 1 1 1 0 2105 4895 0,43 8,9 20 11,1 0,0 
22/01/2013 2 1 1 0 2185 4895 0,45 7,6 20 12,4 0,0 
23/01/2013 3 1 1 0 2534 4895 0,52 6,6 20 13,4 0,0 
24/01/2013 4 1 1 0 2078 4895 0,42 7,8 20 12,2 0,0 
25/01/2013 5 1 1 0 2098 4895 0,43 8,6 20 11,4 0,0 
26/01/2013 6 1 0 1 11 4895 0,00 8,6 20 11,4 0,0 
27/01/2013 7 1 0 1 15 4895 0,00 10,2 20 9,8 0,0 
28/01/2013 1 0 1 0 15 4895 0,00 10,9 20 0,0 0,0 
29/01/2013 2 1 1 0 2019 4895 0,41 11,2 20 8,8 0,0 
30/01/2013 3 1 1 0 1411 4895 0,29 12,5 20 7,5 0,0 
31/01/2013 4 1 1 0 875 4895 0,18 14,2 20 5,8 0,0 
01/02/2013 5 2 1 0 472 4895 0,10 14,7 20 5,3 0,0 
02/02/2013 6 2 0 1 11 4895 0,00 11,0 20 9,0 0,0 
03/02/2013 7 2 0 1 12 4895 0,00 8,7 20 11,3 0,0 
04/02/2013 1 2 1 0 2123 4895 0,43 9,5 20 10,5 0,0 
05/02/2013 2 2 1 0 1846 4895 0,38 12,2 20 7,8 0,0 
06/02/2013 3 2 1 0 2288 4895 0,47 8,5 20 11,5 0,0 
07/02/2013 4 2 1 0 2065 4895 0,42 7,4 20 12,6 0,0 
08/02/2013 5 2 1 0 2196 4895 0,45 6,5 20 13,5 0,0 
09/02/2013 6 2 0 1 12 4895 0,00 6,9 20 13,1 0,0 
10/02/2013 7 2 0 1 12 4895 0,00 8,6 20 11,4 0,0 
11/02/2013 1 2 1 0 2700 4895 0,55 8,2 20 11,8 0,0 
12/02/2013 2 2 1 0 2576 4895 0,53 9,1 20 10,9 0,0 
13/02/2013 3 2 1 0 1923 4895 0,39 9,1 20 10,9 0,0 
14/02/2013 4 2 1 0 3187 4895 0,65 10,4 20 9,6 0,0 
15/02/2013 5 2 1 0 2771 4895 0,57 10,8 20 9,2 0,0 
16/02/2013 6 2 0 1 769 4895 0,16 10,7 20 9,3 0,0 
17/02/2013 7 2 0 1 892 4895 0,18 10,5 20 9,5 0,0 
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Day 
Week 
days 
Month 
Working 
days 
Holiday 
days 
Total 
consumption[kWh] 
Floor 
area[m2] 
Consumption 
per 
area[kWh/m2] 
Temperature 
[°C] 
Base 
Temperature[°C] 
HDD CDD 
18/02/2013 1 2 1 0 3164 4895 0,65 10,6 20 9,4 0,0 
19/02/2013 2 2 1 0 3196 4895 0,65 10,4 20 9,6 0,0 
20/02/2013 3 2 1 0 3181 4895 0,65 9,8 20 10,2 0,0 
21/02/2013 4 2 1 0 3378 4895 0,69 10,0 20 10,0 0,0 
22/02/2013 5 2 1 0 3407 4895 0,70 6,6 20 13,4 0,0 
23/02/2013 6 2 0 1 802 4895 0,16 3,3 20 16,7 0,0 
24/02/2013 7 2 0 1 800 4895 0,16 4,6 20 15,4 0,0 
25/02/2013 1 2 1 0 4007 4895 0,82 4,7 20 15,3 0,0 
26/02/2013 2 2 1 0 3961 4895 0,81 5,8 20 14,2 0,0 
27/02/2013 3 2 1 0 3990 4895 0,82 7,1 20 12,9 0,0 
28/02/2013 4 2 1 0 3683 4895 0,75 7,7 20 12,3 0,0 
01/03/2013 5 3 1 0 3874 4895 0,79 8,4 20 0,0 0,0 
02/03/2013 6 3 0 1 878 4895 0,18 10,0 20 0,0 0,0 
03/03/2013 7 3 0 1 870 4895 0,18 9,9 20 0,0 0,0 
04/03/2013 1 3 1 0 3679 4895 0,75 10,3 20 0,0 0,0 
05/03/2013 2 3 1 0 3161 4895 0,65 11,7 20 0,0 0,0 
06/03/2013 3 3 1 0 3313 4895 0,68 12,1 20 0,0 0,0 
07/03/2013 4 3 1 0 2297 4895 0,47 14,5 20 0,0 0,0 
08/03/2013 5 3 1 0 2122 4895 0,43 15,5 20 0,0 0,0 
09/03/2013 6 3 0 1 834 4895 0,17 14,7 20 0,0 0,0 
10/03/2013 7 3 0 1 832 4895 0,17 14,5 20 0,0 0,0 
11/03/2013 1 3 1 0 3107 4895 0,63 13,1 20 0,0 0,0 
12/03/2013 2 3 1 0 2918 4895 0,60 11,9 20 0,0 0,0 
13/03/2013 3 3 1 0 2901 4895 0,59 5,8 20 0,0 0,0 
14/03/2013 4 3 1 0 2669 4895 0,55 7,8 20 0,0 0,0 
15/03/2013 5 3 1 0 2450 4895 0,50 8,3 20 0,0 0,0 
16/03/2013 6 3 0 1 1979 4895 0,40 9,5 20 0,0 0,0 
17/03/2013 7 3 0 1 1956 4895 0,40 11,2 20 0,0 0,0 
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Day 
Week 
days 
Month 
Working 
days 
Holiday 
days 
Total 
consumption[kWh] 
Floor 
area[m2] 
Consumption 
per 
area[kWh/m2] 
Temperature 
[°C] 
Base 
Temperature[°C] 
HDD CDD 
18/03/2013 1 3 1 0 2577 4895 0,53 11,9 20 0,0 0,0 
19/03/2013 2 3 1 0 2637 4895 0,54 11,8 20 0,0 0,0 
20/03/2013 3 3 1 0 2783 4895 0,57 11,2 20 0,0 0,0 
21/03/2013 4 3 1 0 2943 4895 0,60 11,6 20 0,0 0,0 
22/03/2013 5 3 1 0 3068 4895 0,63 12,2 20 0,0 0,0 
23/03/2013 6 3 0 1 899 4895 0,18 12,2 20 0,0 0,0 
24/03/2013 7 3 0 1 902 4895 0,18 12,1 20 0,0 0,0 
25/03/2013 1 3 0 1 1111 4895 0,23 13,4 20 0,0 0,0 
26/03/2013 2 3 0 1 1274 4895 0,26 12,8 20 0,0 0,0 
27/03/2013 3 3 0 1 1182 4895 0,24 12,6 20 0,0 0,0 
28/03/2013 4 3 0 1 942 4895 0,19 14,7 20 0,0 0,0 
29/03/2013 5 3 0 1 929 4895 0,19 15,7 20 0,0 0,0 
30/03/2013 6 3 0 1 917 4895 0,19 15,2 20 0,0 0,0 
31/03/2013 7 3 0 1 882 4895 0,18 13,0 20 0,0 0,0 
01/04/2013 1 4 0 1 893 4895 0,18 12,6 20 0,0 0,0 
02/04/2013 2 4 1 0 2304 4895 0,47 13,4 20 0,0 0,0 
03/04/2013 3 4 1 0 2842 4895 0,58 12,4 20 0,0 0,0 
04/04/2013 4 4 1 0 2984 4895 0,61 12,5 20 0,0 0,0 
05/04/2013 5 4 1 0 2836 4895 0,58 8,7 20 0,0 0,0 
06/04/2013 6 4 0 1 881 4895 0,18 8,6 20 0,0 0,0 
07/04/2013 7 4 0 1 878 4895 0,18 10,8 20 0,0 0,0 
08/04/2013 1 4 1 0 2728 4895 0,56 13,0 20 0,0 0,0 
09/04/2013 2 4 1 0 2191 4895 0,45 15,0 20 0,0 0,0 
10/04/2013 3 4 1 0 2106 4895 0,43 15,8 20 0,0 0,0 
11/04/2013 4 4 1 0 1761 4895 0,36 17,2 20 0,0 0,0 
12/04/2013 5 4 1 0 1706 4895 0,35 17,2 20 0,0 0,0 
13/04/2013 6 4 0 1 920 4895 0,19 15,6 20 0,0 0,0 
14/04/2013 7 4 0 1 913 4895 0,19 16,1 20 0,0 0,0 
15/04/2013 1 4 1 0 1384 4895 0,28 16,7 20 0,0 0,0 
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Day 
Week 
days 
Month 
Working 
days 
Holiday 
days 
Total 
consumption[kWh] 
Floor 
area[m2] 
Consumption 
per 
area[kWh/m2] 
Temperature 
[°C] 
Base 
Temperature[°C] 
HDD CDD 
16/04/2013 2 4 1 0 1413 4895 0,29 17,9 20 0,0 0,0 
17/04/2013 3 4 1 0 1460 4895 0,30 18,8 20 0,0 0,0 
18/04/2013 4 4 1 0 1341 4895 0,27 16,0 20 0,0 0,0 
19/04/2013 5 4 1 0 1291 4895 0,26 14,8 20 0,0 0,0 
20/04/2013 6 4 0 1 769 4895 0,16 14,1 20 0,0 0,0 
21/04/2013 7 4 0 1 763 4895 0,16 13,6 20 0,0 0,0 
22/04/2013 1 4 1 0 1200 4895 0,25 13,8 20 0,0 0,0 
23/04/2013 2 4 1 0 1394 4895 0,28 14,8 20 0,0 0,0 
24/04/2013 3 4 1 0 1433 4895 0,29 15,5 20 0,0 0,0 
25/04/2013 4 4 1 0 1422 4895 0,29 15,7 20 0,0 0,0 
26/04/2013 5 4 1 0 1429 4895 0,29 15,8 20 0,0 0,0 
27/04/2013 6 4 0 1 965 4895 0,20 10,5 20 0,0 0,0 
28/04/2013 7 4 0 1 974 4895 0,20 9,0 20 0,0 0,0 
29/04/2013 1 4 1 0 1657 4895 0,34 12,7 20 0,0 0,0 
30/04/2013 2 4 1 0 1570 4895 0,32 13,7 20 0,0 0,0 
01/05/2013 3 5 0 0 1147 4895 0,23 14,2 20 0,0 0,0 
02/05/2013 4 5 1 0 1695 4895 0,35 14,5 20 0,0 0,0 
03/05/2013 5 5 1 0 1656 4895 0,34 14,8 20 0,0 0,0 
04/05/2013 6 5 0 1 1267 4895 0,26 15,6 20 0,0 0,0 
05/05/2013 7 5 0 1 1245 4895 0,25 16,1 20 0,0 0,0 
06/05/2013 1 5 1 0 1717 4895 0,35 17,1 20 0,0 0,0 
07/05/2013 2 5 1 0 1634 4895 0,33 18,9 20 0,0 0,0 
08/05/2013 3 5 1 0 1601 4895 0,33 19,7 20 0,0 0,0 
09/05/2013 4 5 1 0 1666 4895 0,34 18,9 20 0,0 0,0 
10/05/2013 5 5 1 0 1519 4895 0,31 16,7 20 0,0 0,0 
11/05/2013 6 5 0 1 936 4895 0,19 16,6 20 0,0 0,0 
12/05/2013 7 5 0 1 944 4895 0,19 15,7 20 0,0 0,0 
13/05/2013 1 5 1 0 1648 4895 0,34 16,0 20 0,0 0,0 
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Day 
Week 
days 
Month 
Working 
days 
Holiday 
days 
Total 
consumption[kWh] 
Floor 
area[m2] 
Consumption 
per 
area[kWh/m2] 
Temperature 
[°C] 
Base 
Temperature[°C] 
HDD CDD 
14/05/2013 2 5 1 0 1811 4895 0,37 15,6 20 0,0 0,0 
15/05/2013 3 5 1 0 1861 4895 0,38 14,5 20 0,0 0,0 
16/05/2013 4 5 1 0 1616 4895 0,33 12,2 20 0,0 0,0 
17/05/2013 5 5 1 0 1305 4895 0,27 14,5 20 0,0 0,0 
18/05/2013 6 5 0 1 707 4895 0,14 14,0 20 0,0 0,0 
19/05/2013 7 5 0 1 750 4895 0,15 13,1 20 0,0 0,0 
20/05/2013 1 5 1 0 804 4895 0,16 12,7 20 0,0 0,0 
21/05/2013 2 5 1 0 1293 4895 0,26 14,4 20 0,0 0,0 
22/05/2013 3 5 1 0 1502 4895 0,31 17,9 20 0,0 0,0 
23/05/2013 4 5 1 0 1632 4895 0,33 17,0 20 0,0 0,0 
24/05/2013 5 5 1 0 1498 4895 0,31 13,8 20 0,0 0,0 
25/05/2013 6 5 0 1 889 4895 0,18 13,5 20 0,0 0,0 
26/05/2013 7 5 0 1 874 4895 0,18 14,4 20 0,0 0,0 
27/05/2013 1 5 1 0 1620 4895 0,33 15,6 20 0,0 0,0 
28/05/2013 2 5 1 0 1884 4895 0,38 14,8 20 0,0 0,0 
29/05/2013 3 5 1 0 1638 4895 0,33 14,4 20 0,0 0,0 
30/05/2013 4 5 1 0 1371 4895 0,28 15,5 20 0,0 0,0 
31/05/2013 5 5 1 0 1465 4895 0,30 15,8 20 0,0 0,0 
01/06/2013 6 6 0 1 958 4895 0,20 20,7 20 0,0 0,0 
02/06/2013 7 6 0 1 951 4895 0,19 19,0 20 0,0 0,0 
03/06/2013 1 6 1 0 1350 4895 0,28 17,7 20 0,0 0,0 
04/06/2013 2 6 1 0 1683 4895 0,34 17,9 20 0,0 0,0 
05/06/2013 3 6 1 0 1866 4895 0,38 18,6 20 0,0 0,0 
06/06/2013 4 6 1 0 1760 4895 0,36 19,4 20 0,0 0,0 
07/06/2013 5 6 1 0 1712 4895 0,35 19,5 20 0,0 0,0 
08/06/2013 6 6 0 1 1296 4895 0,26 17,5 20 0,0 0,0 
09/06/2013 7 6 0 1 1088 4895 0,22 17,7 20 0,0 0,0 
10/06/2013 1 6 1 0 1498 4895 0,31 18,8 20 0,0 0,0 
11/06/2013 2 6 1 0 1588 4895 0,32 20,2 20 0,0 0,0 
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Day 
Week 
days 
Month 
Working 
days 
Holiday 
days 
Total 
consumption[kWh] 
Floor 
area[m2] 
Consumption 
per 
area[kWh/m2] 
Temperature 
[°C] 
Base 
Temperature[°C] 
HDD CDD 
12/06/2013 3 6 1 0 1886 4895 0,39 21,4 20 0,0 0,0 
13/06/2013 4 6 1 0 2255 4895 0,46 23,2 20 0,0 0,0 
14/06/2013 5 6 1 0 1991 4895 0,41 22,2 20 0,0 0,0 
15/06/2013 6 6 0 1 1157 4895 0,24 23,2 20 0,0 0,0 
16/06/2013 7 6 0 1 1159 4895 0,24 23,9 20 0,0 0,0 
17/06/2013 1 6 1 0 2143 4895 0,44 22,4 20 0,0 0,0 
18/06/2013 2 6 1 0 2261 4895 0,46 21,2 20 0,0 0,0 
19/06/2013 3 6 1 0 2131 4895 0,44 20,8 20 0,0 0,0 
20/06/2013 4 6 1 0 2131 4895 0,44 20,4 20 0,0 0,0 
21/06/2013 5 6 1 0 1893 4895 0,39 20,8 20 0,0 0,0 
22/06/2013 6 6 0 1 1055 4895 0,22 20,4 20 0,0 0,0 
23/06/2013 7 6 0 1 1043 4895 0,21 19,9 20 0,0 0,0 
24/06/2013 1 6 0 1 1035 4895 0,21 18,4 20 0,0 0,0 
25/06/2013 2 6 1 0 1920 4895 0,39 19,8 20 0,0 0,0 
26/06/2013 3 6 1 0 2100 4895 0,43 20,3 20 0,0 0,0 
27/06/2013 4 6 1 0 2116 4895 0,43 20,8 20 0,0 0,0 
28/06/2013 5 6 1 0 1901 4895 0,39 21,2 20 0,0 0,0 
29/06/2013 6 6 0 1 1060 4895 0,22 21,6 20 0,0 0,0 
30/06/2013 7 6 0 1 1041 4895 0,21 21,2 20 0,0 0,0 
01/07/2013 1 7 0 0 2066 4895 0,42 22,3 20 0,0 2,3 
02/07/2013 2 7 0 0 2008 4895 0,41 21,6 20 0,0 1,6 
03/07/2013 3 7 0 0 2278 4895 0,47 22,3 20 0,0 2,3 
04/07/2013 4 7 0 0 2392 4895 0,49 22,6 20 0,0 2,6 
05/07/2013 5 7 0 0 2241 4895 0,46 23,6 20 0,0 3,6 
06/07/2013 6 7 0 1 1232 4895 0,25 25,1 20 0,0 5,1 
07/07/2013 7 7 0 1 1165 4895 0,24 26,4 20 0,0 6,4 
08/07/2013 1 7 0 0 2388 4895 0,49 25,8 20 0,0 5,8 
09/07/2013 2 7 0 0 2721 4895 0,56 25,5 20 0,0 5,5 
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Day 
Week 
days 
Month 
Working 
days 
Holiday 
days 
Total 
consumption[kWh] 
Floor 
area[m2] 
Consumption 
per 
area[kWh/m2] 
Temperature 
[°C] 
Base 
Temperature[°C] 
HDD CDD 
10/07/2013 3 7 0 0 2505 4895 0,51 24,9 20 0,0 4,9 
11/07/2013 4 7 0 0 2207 4895 0,45 23,8 20 0,0 3,8 
12/07/2013 5 7 0 0 2017 4895 0,41 25,3 20 0,0 5,3 
13/07/2013 6 7 0 1 1130 4895 0,23 25,8 20 0,0 5,8 
14/07/2013 7 7 0 1 1114 4895 0,23 26,2 20 0,0 6,2 
15/07/2013 1 7 0 0 2194 4895 0,45 26,0 20 0,0 6,0 
16/07/2013 2 7 0 0 2472 4895 0,51 26,3 20 0,0 6,3 
17/07/2013 3 7 0 0 2544 4895 0,52 26,4 20 0,0 6,4 
18/07/2013 4 7 0 0 2238 4895 0,46 24,3 20 0,0 4,3 
19/07/2013 5 7 0 0 1927 4895 0,39 24,9 20 0,0 4,9 
20/07/2013 6 7 0 1 915 4895 0,19 25,0 20 0,0 5,0 
21/07/2013 7 7 0 1 911 4895 0,19 25,0 20 0,0 5,0 
22/07/2013 1 7 0 0 1941 4895 0,40 25,7 20 0,0 5,7 
23/07/2013 2 7 0 0 2022 4895 0,41 25,7 20 0,0 5,7 
24/07/2013 3 7 0 0 1986 4895 0,41 26,0 20 0,0 6,0 
25/07/2013 4 7 0 0 2067 4895 0,42 26,0 20 0,0 6,0 
26/07/2013 5 7 0 0 2035 4895 0,42 26,7 20 0,0 6,7 
27/07/2013 6 7 0 1 948 4895 0,19 26,8 20 0,0 6,8 
28/07/2013 7 7 0 1 1001 4895 0,20 27,6 20 0,0 7,6 
29/07/2013 1 7 0 0 2013 4895 0,41 24,5 20 0,0 4,5 
30/07/2013 2 7 0 0 1850 4895 0,38 24,4 20 0,0 4,4 
31/07/2013 3 7 0 0 1831 4895 0,37 25,5 20 0,0 5,5 
01/08/2013 4 8 0 1 1773 4895 0,36 25,3 20 0,0 5,3 
02/08/2013 5 8 0 1 1605 4895 0,33 25,6 20 0,0 5,6 
03/08/2013 6 8 0 1 1026 4895 0,21 24,7 20 0,0 4,7 
04/08/2013 7 8 0 1 986 4895 0,20 25,7 20 0,0 5,7 
05/08/2013 1 8 0 1 1177 4895 0,24 25,9 20 0,0 5,9 
06/08/2013 2 8 0 1 1231 4895 0,25 26,2 20 0,0 6,2 
07/08/2013 3 8 0 1 1154 4895 0,24 25,3 20 0,0 5,3 
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Day 
Week 
days 
Month 
Working 
days 
Holiday 
days 
Total 
consumption[kWh] 
Floor 
area[m2] 
Consumption 
per 
area[kWh/m2] 
Temperature 
[°C] 
Base 
Temperature[°C] 
HDD CDD 
08/08/2013 4 8 0 1 567 4895 0,12 22,5 20 0,0 2,5 
09/08/2013 5 8 0 1 819 4895 0,17 24,0 20 0,0 4,0 
10/08/2013 6 8 0 1 879 4895 0,18 24,6 20 0,0 4,6 
11/08/2013 7 8 0 1 885 4895 0,18 25,1 20 0,0 5,1 
12/08/2013 1 8 0 1 1042 4895 0,21 26,0 20 0,0 6,0 
13/08/2013 2 8 0 1 1019 4895 0,21 26,8 20 0,0 6,8 
14/08/2013 3 8 0 1 1032 4895 0,21 25,4 20 0,0 5,4 
15/08/2013 4 8 0 1 910 4895 0,19 24,9 20 0,0 4,9 
16/08/2013 5 8 0 1 997 4895 0,20 24,9 20 0,0 4,9 
17/08/2013 6 8 0 1 899 4895 0,18 24,4 20 0,0 4,4 
18/08/2013 7 8 0 1 913 4895 0,19 25,1 20 0,0 5,1 
19/08/2013 1 8 0 1 1054 4895 0,22 25,7 20 0,0 5,7 
20/08/2013 2 8 0 1 1101 4895 0,22 25,0 20 0,0 5,0 
21/08/2013 3 8 0 1 1029 4895 0,21 24,7 20 0,0 4,7 
22/08/2013 4 8 0 1 1098 4895 0,22 24,8 20 0,0 4,8 
23/08/2013 5 8 0 1 1115 4895 0,23 25,1 20 0,0 5,1 
24/08/2013 6 8 0 1 969 4895 0,20 24,1 20 0,0 4,1 
25/08/2013 7 8 0 1 907 4895 0,19 21,5 20 0,0 1,5 
26/08/2013 1 8 0 1 1050 4895 0,21 19,7 20 0,0 0,0 
27/08/2013 2 8 0 1 1103 4895 0,23 21,8 20 0,0 1,8 
28/08/2013 3 8 0 1 1126 4895 0,23 21,9 20 0,0 1,9 
29/08/2013 4 8 0 1 1119 4895 0,23 22,6 20 0,0 2,6 
30/08/2013 5 8 0 1 1149 4895 0,23 24,2 20 0,0 4,2 
31/08/2013 6 8 0 1 901 4895 0,18 23,9 20 0,0 3,9 
01/09/2013 7 9 0 1 916 4895 0,19 24,0 20 0,0 4,0 
02/09/2013 1 9 1 0 1747 4895 0,36 23,3 20 0,0 3,3 
03/09/2013 2 9 1 0 1904 4895 0,39 22,9 20 0,0 2,9 
04/09/2013 3 9 1 0 1898 4895 0,39 23,2 20 0,0 3,2 
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Day 
Week 
days 
Month 
Working 
days 
Holiday 
days 
Total 
consumption[kWh] 
Floor 
area[m2] 
Consumption 
per 
area[kWh/m2] 
Temperature 
[°C] 
Base 
Temperature[°C] 
HDD CDD 
05/09/2013 4 9 1 0 1870 4895 0,38 23,3 20 0,0 3,3 
06/09/2013 5 9 1 0 1880 4895 0,38 23,4 20 0,0 3,4 
07/09/2013 6 9 0 1 1174 4895 0,24 21,6 20 0,0 1,6 
08/09/2013 7 9 0 1 1153 4895 0,24 21,2 20 0,0 1,2 
09/09/2013 1 9 1 0 1791 4895 0,37 20,9 20 0,0 0,9 
10/09/2013 2 9 1 0 1759 4895 0,36 21,9 20 0,0 1,9 
11/09/2013 3 9 1 0 1093 4895 0,22 17,5 20 0,0 0,0 
12/09/2013 4 9 1 0 1559 4895 0,32 19,4 20 0,0 0,0 
13/09/2013 5 9 1 0 1557 4895 0,32 20,6 20 0,0 0,6 
14/09/2013 6 9 0 1 1148 4895 0,23 22,0 20 0,0 2,0 
15/09/2013 7 9 0 1 1105 4895 0,23 20,1 20 0,0 0,1 
16/09/2013 1 9 1 0 1562 4895 0,32 21,2 20 0,0 1,2 
17/09/2013 2 9 1 0 1486 4895 0,30 20,1 20 0,0 0,1 
18/09/2013 3 9 1 0 1535 4895 0,31 21,3 20 0,0 1,3 
19/09/2013 4 9 1 0 1576 4895 0,32 21,5 20 0,0 1,5 
20/09/2013 5 9 1 0 1570 4895 0,32 21,6 20 0,0 1,6 
21/09/2013 6 9 0 1 935 4895 0,19 22,0 20 0,0 2,0 
22/09/2013 7 9 0 1 931 4895 0,19 21,2 20 0,0 1,2 
23/09/2013 1 9 1 0 1468 4895 0,30 20,9 20 0,0 0,9 
24/09/2013 2 9 1 0 980 4895 0,20 21,4 20 0,0 1,4 
25/09/2013 3 9 1 0 1846 4895 0,38 22,3 20 0,0 2,3 
26/09/2013 4 9 1 0 1916 4895 0,39 22,7 20 0,0 2,7 
27/09/2013 5 9 1 0 1809 4895 0,37 23,1 20 0,0 3,1 
28/09/2013 6 9 0 1 978 4895 0,20 22,7 20 0,0 2,7 
29/09/2013 7 9 0 1 993 4895 0,20 23,3 20 0,0 3,3 
30/09/2013 1 9 1 0 1760 4895 0,36 22,2 20 0,0 2,2 
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Annex 5: standby consumption, standard deviation and standby hours for one day on March and one day 
on June for some buildings of UPC. Source: Own elaboration. 
Buildings 
15-March 25-June 
Standby 
consumption[kWh] 
σ 
Standby hours 
[Hours] 
Standby 
consumption[kWh] 
σ 
standby hours 
[Hours] 
A1 A2 77,14 6,43 12 15,42 0,49 6 
A3 11,29 0,62 7 11,83 0,7 7 
A4 6,69 0,32 5 6,31 0,07 5 
A5 3,03 0,3 6 1,56 0,04 5 
A6 1,3 0,17 5 1,74 0,04 6 
B1 10,36 0,7 9 7,46 0,15 7 
B2 20,93 1,48 10 19,82 0,15 6 
B3 28,05 2,61 15 11,14 0,57 11 
B4 B5 58,9 5,73 17 31,95 1,25 10 
B6 55,43 3,65 11 38,67 1,02 9 
C1 58,69 4,21 13 41,94 3,07 8 
C2 22,71 0,77 8 23,72 1,16 8 
C3 39,43 0,83 9 35,78 1,17 10 
C4 20,21 1,4 8 23,18 0,85 9 
C5 35,57 0,61 8 34,85 1,3 10 
C6 62,29 2,95 9 63,08 2,46 10 
D1 57,81 2,19 13 11,07 0,92 10 
D2 53,75 3,96 16 12,31 0,83 9 
D3 63,57 5,2 17 22,65 1,92 10 
D4 28,89 1,92 11 29,5 2,75 12 
D5 91,19 6,32 24 41,9 3,07 14 
CS A 45,75 1,61 14 31,07 0,34 7 
CS C 23,29 2,29 9 8,77 0,24 6 
CS P 26,25 1,5 13 32,17 1,19 7 
CS U 65,53 4,41 12 66,3 3,26 7 
C4C 96,66 4,62 9 17,87 0,08 10 
D4C 60,24 2,67 8 92,05 0 24 
D7C 63 1,81 9 22,36 1,83 9 
MN1 2 3 31,02 2,46 8 24,09 1,94 7 
MN5 60,69 2,59 11 75,49 3,31 11 
MN6 2,52 0,2 6 50,12 0,31 14 
NAUTICL 6,67 0,29 8 8,36 0,36 6 
SC1 2 3 148,3 0 1 28,45 2,19 8 
TR1 2 3 34,39 1,45 7 31,64 2,52 9 
TR4,5,6,45 136,29 3,72 17 100,26 0,32 12 
TR7 14,57 1,23 12 10,01 0,86 7 
TR8 16,97 1,21 12 17,03 0,79 11 
TR9 3,19 0,24 7 3,15 0,26 5 
TR10 24,39 1,79 14 24,3 1,64 16 
TR11 8,98 0,96 9 9,77 1,04 6 
TR12 11,07 0,23 5 11,96 0,42 5 
VG1 2 3 147,22 10,75 12 31,81 1,27 8 
VG4 30,92 1,38 9 0,86 0.01 6 
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